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ELECTRICAL RESPONSE OF THE RETINA IN DIFFERENT 
TYPES OF COLD-BLOODED ANIMALS 


By A. B. MESERVEY AND E. L. CHAFFEE 


In January, 1923, Chaffee, Bovie, and Hampson! reported investi- 
gations of the electrical response of the frog’s retina to stimulation by 
light, using a two-stage amplifier for magnifying the emf’s developed and 
a string galvanometer for recording them; further investigations, 
mainly of the effects of different colors, were reported by Chaffee and 
Hampson in July, 1924.* In the present research, performed in 1925-26, 
the experimental method was essentially the same, but new apparatus 
was used, including a new Hindle string galvanometer, type A, and a 
specially built two-stage amplifier enclosed in a steel box and suspended 
from the ceiling by springs to minimize mechanical vibration. 

The purpose of this work was to compare the responses obtained 
from eyes of different types with those already obtained from frogs, 
and to test the hypothesis advanced to account for some of the previous 
results. For this purpose alligators, turtles, horned toads, and Florida 
chameleons were used, all small cold-blooded animals, and many 
readings were taken with frogs, partly for direct comparison and 
partly to make sure that results obtained with the old apparatus would 
hold for the new. . 

The frog’s retina contains both rods and cones, distributed in about 
the same ratio over different parts of the retina; the turtle, the horned 
toad, and the chameleon are supposed to have pure cone retinas; 
the alligator® has both kinds of receptors, rods predominating in the 

1 Chaffee, E. L., Bovie, W. T., and Hampson, A. The Electrical Response of the Eye 
under Stimulation by Light. J.O.S.A. & R.S.I., 7, p. 1; 1923. 


? Chaffee, E. L. and Hampson, A. Effects of varying the Wavelengths of the Stimulating 
Light upon the Electrical Response of the Retina. J.0.S.A. & R.S.I., 9, p. 1; 1924. 

* Laurens, H. and Detwiler, S. R. The Structure of the Retina of Alligator Mississip- 
piensis and its Photomechanical Changes. J. Exp. Zool., 32, p. 207; 1921. 
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upper part of the retina and cones in the lower part. The ratio of roc 
to cones diminishes from about 20:1 at the upper edge to 1:1 near th 
middle, and continues to diminish till there are only scattering rod 
near the lower edge of the alligator’s retina; and a rather narrow tape 
tum forms a horizontal band just above the entrance of the optic nerve 

One prominent feature of the previous papers was the presence oi 
two, and sometimes three, humps near the beginning of the respons: 
curves, the first two apparently independent of each other. The second 
was relatively prominent at low intensities but increased less rapidly 
than the first, which nearly or quite masked it at high intensities, 
and the hypothesis was advanced that the first hump represented a 
maximum due to cones and the second a maximum due to rods. It 
was hoped that the present investigation would permit further testing 
of this hypothesis, as well as afford opportunity for general comparison 
of response curves for the different types of eyes studied. 

The arrangement of apparatus and method of experiment were 
essentially the same as previously described,' the retina being sup- 
ported within a moist chamber to which light could be admitted through 
a shutter. The end of a thread moistened in Ringer’s solution touched 
the retina and was connected through a zinc-zinc sulphate electrode 
to the grid of the amplifier, and the stump of the optic nerve was similar- 
ly connected to the filament, plugs of agar-agar serving to prevent 
diffusion of zinc ions. No lenses were used and the relative intensity 
of stimulating light was controlled by varying the distance and size 
of an opening immediately in front of an illuminated ground glass 
screen, and by changing the lamp. Intensities were reduced to absolute 
values with a Macbeth illuminometer. A response was considered 
positive if it would have caused a current to flow from the retina to 
the stump of the optic nerve through a galvanometer completing the 
outside circuit. 


EXPERIMENTAL RESULTS 


I. In general, “normal” “response curves for moderate ranges of 
intensity of stimulating light may be said to be roughly similar (within 
their respective ranges of response) for all the eyes studied, and similar 
to curves obtained by others for other eyes, with other apparatus. 
They also pass through the same kind of changes as the eye ages after 
excision or is subjected to injury. 

1. At the beginning of a time exposure (Fig. 1) there is a small 
negative potential followed by a large positive peak, which falls off 
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rapidly at first and then more slowly; immediately after the light is shut 
off there is a somewhat similar positive peak. 

2. For flash exposures, e.g., 0.04 sec. (Fig. 2), the appearance is 
much the same as for the “on” effect of time exposures, but even for 
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Fic. 1. Normal responses for time exposures, drawn from actual curves and reduced to the same 
time scale; showing similarity of shape for relatively high (but not the same) intensities. 
Frog, a; alligator, b; turtle, c; horned toad, d; standardizing deflection, 0.1 millivolt. 
Fic. 2. Normal responses for exposures of 0.04 sec., drawn to the same scale from actual curves. 
Frog, a; alligator, b; turtle, c; horned toad, d; standardizing deflection at the right, 
04 millivolt. 

Fic. 3. Development of negative aspects of response curves with age or injury; curves traced 
from original films (not to the same scale) and arranged in order of decreasing positive on 
effect B: a, horned toad, 1 hour after excision; b, frog, 21 hours; c, alligator, 5 hours; 

d, horned toad, 3 hours; e turtle, 23 hours. 

All response curves reproduced in this article have been traced directly from the originals except 
those described as drawings. In drawings the curves have sometimes been altered to reduce them to 
the same scale for purposes of comparison, and minor irregularities have been smoothed out, but in 
all cases they represent closely the characteristics of the originals. 


short exposures the “off” effect may appreciably alter the peak in 
height or in shape. 
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3. The on effect increases for a while with time of exposure, for a 
given intensity, usually reaching its final value in half a second or less; 
the off effect increases for a number of seconds, and sometimes the 
increase continues slowly for the greater part of a minute. 

4. As the eye ages the general aspect of the curve changes as was 
shown before for the frog’s eye. The curve becomes more negative (Fig. 
3), and may reach a stage at which the first positive peak disappears 
entirely, leaving the whole curve negative; the off effect may include a 
sharp negative jump before a positive peak. Whatever the shape of the 
curve, deflections eventually grow small and finally cease altogether. 
All these changes are characteristic of injury as well as of age, and some 
of them are often seen before the eye has recovered from the operation. 

5. Although the general courses of the curves for the eyes studied 
in this work and for the frog’s eye are similar, there are noticeable 
differences for different individuals and for different types of eyes. 

Il. Qualitative comparison of the curves for the different kinds of 
eyes shows that the frog and the horned toad represent the two extremes 
of the four types investigated (the horned toad responses being similar 
to those of the chameleon but giving much better curves). The alligator 
and the turtle are intermediate types, but in certain ways the alligator 
is more like the frog and the turtle more like the horned toad. 

1. In general the curves are steeper in rise and fall for the horned toad 
than for the frog, and the duration of response less. 

2. Time lags were not measured, but visual observations were 
recorded. For the frog there was perceptible lag both at the beginning 
and at the end of illumination at low intensities, amounting to more than 
a second in some cases; with the horned toad no lag was ever percep- 
tible even at threshold intensities. This seems consistent with (1) 
above, but both might be connected with the greater absolute inten- 
sities of the horned toad threshold. 

3. The off effect not only is much sharper for the horned toad than 
for the frog, sometimes becoming almost a mere vertical line at the start, 
but it is much larger in comparison with the on effect (Figs. 1d, 16c). 

4. The “C” rise,‘ a slow rise which depends on intensity and reaches 
a maximum several seconds after the beginning of the exposure, whether 
a time exposure or a flash (Fig. 4), is very prominent in frog responses 
at high intensities. It is perhaps even more noticeable with alligator 
eyes, but seems to be quite absent for turtles and horned toads. (There 
was a rise in a few cases, but it was never reproducible and had no re- 
lation to intensity, and was laid to galvanometer drift.) 
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5. Negative aspects of the curves, showing either in the quick jumps or 
as a general dropping of the whole curve, are more prominent for 
horned toads than for frogs. This may be due in part to greater diffi- 
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Fic. 4. “C” rise in responses from mixed retinas; a, frog, beginning of 75 sec. exposure; b, 
alligator, 4 secs.; c, alligator, 0.04 sec.; d, frog, 0.04 sec.; e, alligator, 48 sec. exposure 
on eye 8.5 hours old at 43 meter-candles ; f, alligator, 0.04 sec.; standard deflec- 
tion, 0.1 millivolt. 


culty in handling horned toad eyes without injuring them, but this 
explanation does not seem to account entirely for the difference, even 
after making allowance for the absence of “C” rise. 

III. Sensitiveness, as indicated by electrical response, is shown in 
the following table. In certain cases the lowest intensities used gave 
a measurable response, but extrapolation consistent with observations 
on other individuals indicated approximately the thresholds for these 
cases. It should be noted that these were the intensities at the retina 
itself, as there were no lenses to concentrate the light. 


Animal Number of Lowest intensity used Indicated Ratio 
eyes used meter-candle threshold 
meter-candle 
Frog 108 7.7 X10* 1x10 1 
Alligator 17 6.2 x10°% 6x10 60 
Turtle 23 9.8 x10 5x10" 500 
Horned toad 10 1.75 X10" 8x10" 80,000 
Chameleon 9 4.9 2.5xX10" 250 ,000 


These intensities are for the individuals showing respectively the 
lowest thresholds in each group. Since there was great variation for 
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different individuals of the same kind these ratios are only rough 
approximations, but they remain in the same order and are of similar 
magnitudes if we compare average thresholds for the different groups. 
The figures for the chameleon may be less reliable than the others 
(probably too high), as these eyes are small and soft and more subject 
to injury in manipulation than the others. 

The source for the weakest intensity used was a hole 0.016 inch in 
diameter in a plate immediately in front of a ground glass screen and 
6-volt flashlight bulb; the hole was 5 meters from the retina, with no 
lenses between. 

IV. The absolute values of the potentials developed are of the order of a 
millivolt, the highest for each part of the curve having been observed 
with frogs, as follows: on, 2.13; off, 1.32; C rise, 1.4 millivolts. The 
off effect for one horned toad and the C rise for one alligator were 
nearly equal respectively to those given above for frogs, and their 
relative values in comparison with the on effects were much larger. 

V. Laws of response as a function of intensity were investigated for 
flash responses for frogs (0.04 sec.), as a check on our work in comparison 
with the previous investigations of Chaffee, Bovie, and Hampson,' 
and it was found as before that at low intensities the Log R-Log / 
relation was linear, while at somewhat higher intensities the R-Log J 
relation was linear, and at still higher intensities the curves reached or 
were tending toward saturation levels. For time exposures the on 
effect followed much the same course; the off effect seemed to come up to 
a limiting value, but relative smallness of response and uncertainty 
of measurement made the course of this curve somewhat doubtful. 
There was no indication of a negative slope to the curve. 

For horned toads the on effect was in many cases too small to permit 
quantitative measurements, but in all cases seemed to come up to a 
limiting value at sufficiently high intensities. For some of the best 
series, however, the linear relationships referred to in the case of frogs 
were clearly shown, and are illustrated in Fig. 5. Curve 1 is obtained by 
plotting the response in millivolts R against the logarithm of the 
intensity (Log 7), and shows that these observations were all made 
on the lower or concave part of the response curve for this particular 
eye; curve 2 (obtained by plotting Log R against Log J for the same 
observations) shows that the Log R-Log / relation is linear through this 
region of response. In curves 3 and 4, R and Log R respectively are 
plotted against Log J for a set of observations on a different eye. For 
the lower intensities curve 3 is concave, like curve 1, and a straight part 




















December, 1927] RETINAL RESPONSE 317 


can be drawn in curve 4 representing the linear relationship of Log R- 
Log J; then, for a wide range of higher intensities the linear relationship 
of R-Log I is shown in the long straight portion of curve 3. 

For the off effect a new and quite different result was obtained 
with horned toads in that the response rose to a maximum and then 
fell away sharply for the highest intensities, the first high shoot of the 
off effect disappearing entirely (Fig. 6). The lower parts of the curve 
were often consistent with a linear relationship for Log R-Log J, and 
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Fic. 5. Relations between response and intensity of light for the on effect of horned toads. Linear 
relation between log Rand log I shows in curves 2 and 4 for two different eyes, and linear 
relation between R and log I shows in curve 3 for one of them for the higher 
intensities. Throughout this work the unit of intensity is 7.7X10-* 
meter-candle, and successive intensity steps are in the ratio 
of V2. 


sometimes the R-Log J curve could be drawn with a straight part 
(Fig. 6, curves 5 and 4); often, however, the latter was absent or too 
short to distinguish with the number of observations made, and in no 
case was a saturation level reached. Every curve which passed through 
a certain region showed a maximum at about the same place on the 
logarithmic intensity scale (fifteen runs and five different eyes). 
Absolute values of the response at these maxima varied from 0.2 to 1.2 
millivolts respectively and times of exposure from 0.6 to 10 seconds 
respectively for different series, but the intensity for maximum response 
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was always in the vicinity of 250 meter-candles (extreme variations 1()() 
to 400). This new intensity effect was not due to any permanent 
injury to the retina, nor to loss of sensitivity, as the curve could be 
traced from high to low as well as from low to high intensities. 

VI. Successive maxima. Chaffee, Bovie, and Hampson' inve: 
tigated extensively the humps found near the beginning of their 
flash response curves for the frog. Considerable evidence was foun: 
for the hypothesis that the first hump was due to a maximum in 
the response of the retinal cones, and the second to a maximum in the 
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Fic. 6. Relation between response and intensity of light for the off effect of horned toads, showing 
sharp drop for the highest intensities, and positions of maxima about the same for 
different absolute values, different exposure times, and different animals. Curve 
1, horned toad No. 9, 0.6 sec. exposures; curve 2, H.T. 10, 2 secs.; 
curve 3, H.T. 8,5 secs.; curve 4, H.T.7, 10 secs.; curve 5, 

H.T.7, 10 secs., from same data as curve 4. In curves 
1-4 R is plotted against log I, in curve 
5 log R is used instead of R. 


response of the rods, the cone response increasing relatively faster with 
intensity and finally masking the other almost completely. The third 
maximum varied in position (time of occurrence), coming sooner for 
high intensities, and was often absent or indistinguishable from the 
second maximum. In the present work responses were investigated from 
various points of view, to determine the influence of off effect and to see 
if there were significant differences in respect of these maxima between 
mixed and pure cone retinae. 

1. Indications of double or multiple maxima were found with 0.04 
second exposures (Fig. 7) in a majority of eyes for the alligator and 
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the turtle as well as for the frog, and were generally observed for the 
horned toad if somewhat longer exposures were used. 

2. Cases have been found in which superposition of off and on effects 
is important in flash responses, for all four types of eyes, and the results 
are shown in several series in which the off and on effects are brought 
closer by shortening the exposure, till they finally merge. Thus a 
negative off effect has been superposed upon a positive on effect (Fig. 8), 
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Fic. 7. Double maxima for flash exposures, 0.04 sec.: a, frog response at lower and higher in- 
tensilies; b, three exposures in succession for an alligator; c, turtle. 

Fics. 8-10. Superposition of “off” and “on” effects, showing importance of off effect in flash 
exposures. Fig. 8, horned toad, 1.0, 0.5, and 0.04 sec., negative off effect superposed 
upon positive on effect. Fig. 9, positive on negative; a, horned toad, 1.4,0.5, 0.2, 

0.04 sec.; b, alligator, 3.0, 0.5, 0.04 sec. Fig. 10, positive on positive; 

a, frog 2.0, 0.5, 0.2, 0.1 sec.; b, turtle, 3.0 and 0.04 sec.; c, 
horned toad, 5.0, 0.5, 0.2 sec. 


a positive upon a negative (Fig. 9), and a positive upon a positive (Fig. 
10), the latter sometimes resulting in a larger response for 0.2 second 
for example than for 0.5 second (10c). 

This effect of superposition is particularly important for the horned 
toad, whose off effect is relatively large and may be larger than the on 
effect even after so short an exposure as 0.005 second. Figs. 11 and 12 
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Fic. 11. Fic. 12. 
Fic. 11. On effect increases faster than off effect with intensity (a-c, 1 second exposures), and 
first hump of flash response increases faster than second (d-f,0.2 sec.). Horned toad. 
Fic. 12. Off effect increases at the same rate as on effect (a—b), then faster (c); correspondingly, 
second hump of flash response retains the same relative height (d-e), then 
becomes higher (f). Horned toad; a—c, 5 secs., d—f, 0.5 sec. 
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Fic. 13. Third hump of flash response due to off effect, as shown by increasing exposure limes at 
constant intensity. Frog; exposures a-d, 0.04, 0.2, 0.5, and 2.0 seconds respectively. 
Fic. 14. Double maxima of flash responses of frog (a, 0.04, b, 0.5 sec.) show in the on effect of 
time exposures (c, 1 sec., d, 2 secs.) ; , effect of second maximum, in different frog, 
shows only as change of slope (5 secs.). Oscillatory responses partly due to 
previous exposure. 
Fic. 15. Double maxima for frog in flash and time exposures when off effect is negligible; a, 5 
secs., b, 0.04, c, 5 secs. 
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show that, by proper selection of time and intensity ranges, series of 
flash exposures can be made up which show two maxima, the first 
or the second increasing faster than the other with intensity according 
to whether the on or the off effect of time exposures increases more 
rapidly. 

For the frog it is harder to settle this point, as the off effect is generally 
smaller and without any characteristic shape; at high intensities the 
first maximum of the flash exposure is so great that it completely over- 
shadows whatever follows, while at low intensities the curves are slow 
and rounded and hard to analyze. When, however, the off effect is 
large it is sometimes possible to trace its presence in a series of ex- 
posures of increasing times (Fig. 13). It coincides with the third hump 
of the flash response when the latter is distinct from the first two 
humps; and in certain intensity series the third hump becomes promin- 
ent at high intensities and has the appearance of the off effect of 
corresponding time exposures. The fact that its time of occurrence 
diminishes as intensity increases would naturally result from the 
fact that the off effect rises more abruptly as intensity increases. 

3. If double maxima exist independently of superposed off effects 
one might expect them to appear in the on effect of time exposures, 
though the increase of time might change their relative prominence 
considerably. Examination of both old and new frog films revealed 
many in which there were distinct double maxima in the on effect 
(Fig. 14), as well as many in which they were not present. They 
occurred also in two series of flash exposures when the eye was at such 
a stage that the off effect even for time exposures was practically zero. 
(Fig. 15). The prominence of the off effect in Fig. 14, (c) and (d), might 
lead one to consider the more rounded of the two maxima in (a) and 
(b) as due to its influence, but this is evidently a case in which the 
“third hump” of Chaffee, Bovie, and Hampson coincides in position 
with a real second hump, which persists in a whole series of on effects 
for this frog. 

Double maxima were found also in on effects for alligator, turtle, 
and horned toad eyes (Fig. 16). The first hump for the horned toad is 
not like that of the frog however, but is quite small and does not 
vary much with intensity. Such a preliminary deflection shows in 
several horned toad eyes, but is not apparent when the main positive 
response is very quick or large. Figs. 16 (c) and 17 show its appearance 
as the main part of the curve becomes more negative with age. Such 
small preliminary deflections were found in several turtle eyes also 
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(Fig. 18), while such a large first maximum as that of Fig. 16 () 
occured in only this one case. In only one alligator eye was a clearl\ 
marked double on effect found, but not many time exposures wer 
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Fic. 16. Double maxima in the on effect: a, alligator, 3 secs.; b, turtle, 3 secs.; c, horned toad, 
5 secs. In (b) there is considerable galouanometer drift, without which the second maxi- 
mum would appear a little higher, relatively. 











taken, the large C rise making them unsatisfactory for detailed com- 
parisons, particularly as there was some unsteadiness of the gal- 
vanometer at that time. 
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Fic. 17. Horned toad, showing Fic. 18. Double on 
effect upon first and second maxima and off effects in turtle 
(A and B) of Fig. 16 c as the main _ response. 
curve becomes more negative with 
age. 


























VII. Structure of the off effect. For the horned toad, for which it is 
most conspicuous, the off effect generally consists of two positive peaks, 
the first one very sharp, the second usually rising abruptly and falling 


bt 


Fic. 19. Oscillatory responses: a, alligator, off effect; b, alligator, 0.04 sec.; c, alligator, on effect; 
d, frog, 0.04 sec. 














away gradually (Figs. 11c and 16c). At fairly high intensities the posi- 
tion of the minimum between them is often marked only by an abrupt 
change of slope (Fig. 12c), but often there is a distinct drop between. 
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For the frog and the turtle this double off effect is not so noticeable but 
does occur. Frog responses often show a change of slope on the rise 
of the off effect such as would be produced by the presence of a small 
first maximum, but very seldom does this peak equal or exceed the 
second. Turtle films in a number of cases show off effects much like 
those of the horned toad only slower (Fig. 18). 

VIII. Rythmic responses like the oscillations of a damped galva- 
nometer were observed in the off effect of two alligator films, and in 
a few cases with the other animals (Figs. 106 and 19a). Similar or 
somewhat more rapid oscillations were observed on the peak of the on 
effect (Fig. 19, b and c) in some cases with alligators and frogs, and for a 
few frogs small oscillations persisted for a minute or more after an 
exposure. Figs. 14 and 19 (d) show some of these, persisting in part 
from previous exposures. There may be some connection between these 














Fic. 20. Alligator, showing similarity of responses from rod and cone sides of the retina for both 
flash and time exposures: a, rod side, 2 secs.; b, cone side, start of 14 sec. exposure 
c, rod side, 0.04 sec.; d, middle, 0.04 sec.; e, cone side, 0.04 sec. Drawings. 
oscillatory phenomena and the ordinary fine structure of the curves, 
but none was apparent in these observations. Similar oscillations 
had been previously observed and studied by Chaffee and Hampson 
and will be reported later. 

IX. Curves obtained from different parts of the alligator retina reveal 
no difference in characteristic shape; qualitatively at least the responses 
where rods predominate in number are the same as those where cones 
predominate (Fig. 20). Quantitatively, the largest responses for a given 
eye were obtained more often from the cone side than from the rod 
side, but it would require observations on a large number of eyes, 
and specially designed contact arrangements, to determine whether 
this is characteristic. 

X. Response for equal energies. Several series of readings were 
taken, at a time when frogs only were available, in an attempt to find 
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limits to the operation of the law that equal responses are produced by 
equal amounts of energy (product of intensity and time), which has 
been found to hold over considerable ranges in photography and in 
certain sensory responses, and was observed to hold for the frog’s eye 
by Chaffee and Hampson. Varying intensities in ratios up to 32:1, 
in the vicinity of 10-* meter-candle-seconds for / Xt, gave an upper 
limit of about half a second for times for which the law held. It was 
found to hold in the other direction as far as 0.05 second, but intensities 


sufficient for much shorter times were not then available. Several 
series are shown in Fig. 21. 
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Fic. 21. Curves showing limits in one direction for the law of equal response for equal energy, 
about half a second for the smoother curves; log R plotted against log t. Numbers 
in parentheses indicate energy (I Xt) for corresponding curves, in meter- 
candle-seconds X 10. 


XI. Temperature effects—freezing. In previous work with this appa- 
ratus it was shown that a decided lowering of temperature changed 
the response curves temporarily to those characteristic of old or 
injured eyes, but within the ordinary range of room temperature 
no effect on the shape of the curves was observed. In the present 
experiments, therefore, we took no special precautions to ensure con- 
stant temperature conditions, simply noting that there was no large 
change of temperature during any given series of observations. We 
hope eventually to make a systematic investigation of the effect of 
temperature on the various parts of the response curves. 
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One experiment, though crudely performed, showed that a turtle’s 
eye, frozen solid after excision and then thawed, gave a response; 
and after two hours, though relatively insensitive, this eye gave a 
response curve which differed little in shape from the normal. 

XII. Duplication of other characteristics in frog responses. Though 
most of the frog films show what we have termed normal responses 
for the frog, numerous other forms have appeared under various 
circumstances, and almost every type of curve, normal or abnormal, 
exhibited by the other types of eyes has been duplicated at least once 
in responses from frog’s eyes. 

XIII. Effects of heavy metal ions seemed to be quite marked if 
sufficient precautions were not taken to prevent their getting into the 
eye. In the previous work contact with the zinc sulphate of the elec- 
trodes was made through short cotton plugs saturated with Ringer’s 





© ' 
Hours 


Fic. 22. Abnormal shape of curve showing response to the same stimulus, for 4 hours after exci- 
sion, in a case in which diffusion of zinc ions took place; normal recovery terminated 
by a sudden drop. 


solution, and the moistened threads led from these to the eye; in this 
work the cotton plugs were at first forgotten and the threads moistened 
in Ringer’s solution led directly from the zinc sulphate to the eye. Also 
in some cases natural diffusion was accelerated by the presence of some 
grid current due to positive ions in the amplifier tube. The eyes, though 
they gave responses quite comparable to those of the earlier papers, 
began to lose sensitiveness sooner and ceased to respond at all after 
a few hours. Introducing a plug of agar-agar, made up with Ringer’s 
solution, between the electrode and the thread on each side of the eye, 
resulted in greatly increased life of the eye, and in one case a response 
was obtained 35 hours after excision. 

Fig. 22 shows the change of response to a given stimulus on one oc- 
casion when we felt sure that diffusion of zinc ions had taken place. 
For the first three hours the curve is of normal shape, rising nearly 
to saturation level as the eye recovers from the operation; then it drops 
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away quite abruptly, suggesting the curves given by Osterhout‘ 
to show the effect of toxic ions on certain plants. 


DISCUSSION AND CONCLUSIONS 


I. The outstanding experimental facts are: 

1. There is a general resemblance amongst the response curves of all 
the kinds of eyes examined. 

2. The responses are generally quicker and shorter for the lizards 
(chameleons and horned toads) than for the frog, with the others in 
between. 

3. The threshold of electrical response is much higher for the lizards 
than for the others, which follow in the order turtle, alligator, frog. 

4. For all types the on effect increases with time of exposure for less 
than a second, the off effect for many seconds. 

5. The off effect is relatively much greater for the lizards than for the 
others. 

6. The linear intensity relationships found for the frog are found 
in both on and off responses of horned toads, but the off effect for the 
horned toad increases to a maximum and falls off sharply at the highest 
intensities used. 

7. Superposition of off and on effects sometimes produces double 
maxima in response to short exposures for all four types of eyes. 

8. Double maxima also occur which cannot be due to superposed 
off effects; they occur in all four types, but differences can be found 
between the curves from cone and mixed retinas. 

9. There is no qualitative difference between responses from parts 
of the alligator retina where cones predominate and those from parts 
where rods predominate. 

10. The C rise, which is well marked for frogs and alligators, is absent 
for turtles and horned toads. 

II. Comparison of responses from different types of eyes. Our results 
are in agreement with the common belief that cones are the chief in- 
struments of vision at high intensities and rods at low intensities in that 
the intensities required to secure threshold or other responses are higher 
for the animals having cone retinas (turtles and lizards) than for those 
having mixed retinas (alligators and frogs), and in that the similarity 
of shape of the response curves is more noticeable with strong light, 
as if rods might be the determining factors at low and cones at high 
intensities. 


* Osterhout, W. J. V. Injury, Recovery, and Death, Chap. II.; 1922. 























December, 1927] RETINAL RESPONSE 327 


On the other hand we find about as much difference of threshold 
between the frog and the alligator as between the alligator and the 
turtle, and more difference between the horned toad and the turtle 
than between any other two, which looks as if the response might 
correlate fully as well with the habits of the animal as with the character 
of the retina. The normal habitat of the horned toad is in the blazing 
light of the southwestern plains, and it may well be that the animal, 
possessing the cone retina which is generally better adapted to high 
intensities of light and to the acuteness of vision which the horned toad 
exhibits in his pursuit of insects, has become specially adapted to these 
very high intensities. It is of course possible that the response curve 
may extend, at very low values, considerably lower along the intensity 
coordinate than we were able to detect it, and that lower threshold 
values could be found with apparatus much steadier and more sensitive 
than ours. It would still remain true, however, that the intensities re- 
quired for a given response would be very much greater for the horned 
toad than for the other three, and greater for the turtle than for the 
alligator. The frog’s lower threshold and greater response as compared 
with the alligator seems a not unnatural accompaniment of his greater 
agility and activity. 

Our investigation of the alligator retina, in which the ratio of rods 
to cones varies continuously from top to bottom, shows that no change 
of shape of the curve is produced by mere preponderance of one or the 
other kind of receptor. We have no means of knowing exactly what the 
ratios were, but should judge from positions of contacts on the retina 
that they might have varied from 10:1 preponderance for rods on one 
side to nearly as great preponderance for cones on the other. If the 
response were an additive effect coming from all over the retina similar 
response curves would be expected, but previous experiments of 
Chaffee and Hampson with frogs showed that there was very little 
effect except from the area immediately surrounding the spot touched 
by the end of the connecting thread. Apparently even a small fraction 
of the total number of receptors contributing to the response picked up 
by the thread gives a sufficient absolute number to produce whatever 
characteristic effect they may have. Any difference of response from 
such a mixed retina would therefore have to be obtained by using a 
contact small enough so that only the majority type of receptor would 
be within effective range, and it is doubtful if such a contact can be used. 

The similarity of responses from different parts of the alligator 
retina would of course be quite in accord with the possible supposition 
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that the characteristics of response curves are entirely independent 
of the kind of receptor, but does not furnish strong support for it, 
especially in the light of other evidence against it. 

Concerning the significance of successive maxima in flash responses 
obtained by Chaffee, Bovie and Hampson the present experiments do 
not give conclusive evidence. Such effects can be produced by super- 
position of off and on effects, and this probably accounts for the third 
hump when one is separately discernible. Quite likely also it helps to 
emphasize the second hump in some cases in which only two are visible, 
but obviously it cannot account for the presence of double maxima in 
the on effect of time exposures. This, and the fact that for the frog 
and the alligator double maxima were found for short exposures when 
the off effect was vanishingly small even for exposures of more than a 
second, indicate clearly that for these eyes a mechanism exists which 
is capable of giving a double response without the assistance of the off 
effect, and such a mechanism may naturally be sought in the rod-cone 
receptor system. 

For turtles and horned toads also it is true that double maxima 
occur in time exposures in numerous films, but their characteristics 
seem somewhat different. For the horned toad the first maximum is in 
every case relatively small and its final value is reached at intensities 
so near the threshold that it appears to be independent of intensity, 
characteristics quite opposite to those of the first maximum of the frog. 
In no case is there a double maximum—except of this type—for a 
flash exposure unless it is clearly due to superposed off effect. The 
turtle films show numerous examples of such a dwarfed first maximum; 
of the few cases in which the first is not so greatly overshadowed Fig. 
16(b) shows the one in which it is most prominent, and even here it is 
not equal to the second maximum. Out of numerous cases showing 
double maxima in short exposures for the turtle some are clearly due 
to superposed off effects and others may be; for a few this is not the 
most natural explanation, but for none is it impossible. 

The off effect brings out a similar contrast with appearances reversed ; 
the horned toad has a characteristic double off effect in which the 
first maximum is generally large and variable, and the turtle often 
shows a close parallel to it, while for the frog the first maximum is 
generally represented—if at all—as a change of slope on the front of the 
off effect, and the alligator does not show it at all in the few cases in 
which the off effect is large enough to permit details to be observed. 
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These similarities and differences, together with the fact that nearly 
every curve obtained with any of the other animals has been duplicated 
by some frog curve, suggest the existence of common underlying 
processes whose relative importance depends on the type of retina 
but which are present in all the eyes investigated. In this connection 
it seems desirable to raise the question whether the distinction between 
rods and cones is not often too sharply drawn. For example, could the 
horned toad, while exhibiting a characteristically cone retina, have a 
considerable number of receptors which would act more like rods than 
like cones? In drawings used to show characteristic structure of rod and 
cone elements there is no more chance of mistaking a rod for a cone 
than of mistaking a frog for a horned toad, but the appearance of an 
actual microscopic section taken at random is likely to be quite different 
from that of the drawing; and Laurens and Detwiler have called 
attention to the fact’ that it is often very difficult to say cate- 
gorically that a certain receptor is a rod or that it is a cone, because 
in many cases there are distorted or atypical elements. If one type 
is a development from the other, or even if they develop from a common 
prototype, it would not seem surprising to find some intermediate 
development which might influence responses to some extent. Thus, 
if there are present in a typically cone retina some partly developed 
rods it might be that they would give responses which would not 
proceed to their normal maximum value but give rise to a dwarfed or 
rudimentary hump, such as we find in the horned toad response, which 
would normally have developed into a higher maximum at a later 
time. 

Perhaps the most marked difference we observed between cone and 
mixed retina responses was in the “C” rise, which was strongly developed 
in frogs and alligators and absent in the others. It is natural to connect 
this slow rise with the positive after image, as was done by Chaffee, 
Bovie, and Hampson, and the application of this method of investigation 
to the human subject by Hartline’ has brought out evidence of the 
correctness of this view. In Hartline’s paper, however, the area of 
stimulation is described as being probably within the fovea, where 
only cones are present, while our results would seem to correspond rather 
to certain cases mentioned by Parsons® in which the positive after 


5 Hartline, H. K. The Electrical Response to Illumination of the Eye in Intact Anfmals, 
including the Human Subject, and in Decerebrate Preparations. Am. J. Physiol., 73, p. 600; 
1925. 

* Parsons, J. H. An Introduction to the Study of Color Vision, p. 92; 1924. 
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image was absent or very much weakened in the fovea. The two results 
are not necessarily in conflict, but further investigation would he 
necessary to establish any relation between them. At least, this 
difference between cone and mixed retina responses is an interesting 
experimental fact, and this method may be of use in sorting out 
subjective and objective effects in the complicated phenomena of after 
image formation. 

3. In conclusion we may say that the present experiments do not 
enable us to decide definitely the correct explanation of successive 
maxima in response curves for the frog for short exposures, but the 
hypothesis that rods and cones are responsible for the first two maxima 
is consistent with our results if we admit the possibility of some 
gradation between rod and cone responses; the third maximum is 
almost certainly due to superposition of off effect. Whatever the 
explanation of these curves, there seem to be significant differences 
in shape of the response curves for cone retinas and mixed retinas, 
and in their intensity relations. 

The present investigation was made possible by a grant from the 
Milton Fund for Research, for which appreciative acknowledgment is 
here made. 


Crurt Laporatory, Harvarp UNIVERSITY, 
CAMBRIDGE, Mass. 














THE NEAR INFRARED ABSORPTION SPECTRA OF LIQUID 
BENZENE AND TOLUENE 
By James BARNES AND W. H. FuLWEILER 


In a recent paper! by the authors, it was shown that the frequencies 
of the near infrared absorption bands of benzene and some of its deriva- 
tives are shifted progressively towards lower values as methyl and ethyl 
groups are added to the benzene ring. In this paper, we wish to report 
on the results obtained with spectroscopic apparatus of greater dis- 
persion than that used in the above paper and on the measurements of 
the wave lengths of the center of the absorption bands made with a 
registering densitometer. 


APPARATUS AND METHODS 


The source of continuous radiation and the absorption cells employed 
were the same as those in the earlier work as well as their arrangement 
in front of the slit of the spectroscope. 

A Rowland concave grating of six feet radius, with a dispersion of 
9.33A to the millimeter in the first order was used here. Photographs 
of the near infrared absorption spectra were taken in this order on 
Eastman’s “Infrared Sensitive” plates. All the radiation of the second 
and higher orders was absorbed by a plate of G. 24, Corning glass, 
3.5 mm thick. For purposes of measurement the second order of the 
lines of the copper arc spectrum was photographed above and below 
the absorption spectrum by means of the usual shutter placed in front 
of the photographic plate. Any third order lines were removed by a 
filter of plate glass. The values of the wave lengths of the copper lines 
used were taken from the tables given in Kayser and Konen’s “Hand- 
buch der Spectroscopie,” Vol. 7. 

The densitometer which was constructed in our laboratory was the 
same in principle as those made by Moll,? Siegbahn,? Harrison‘ and 
others. Fig. 1 gives a view of the instrument. A, is a well-ventilated 
box containing a 1000 lumens straight helical filament lamp taking an 
average voltage of 9.8. It was found that a sufficient deflection of the 
galvanometer could be obtained by running the lamp much below its 
rated voltage. The light from this lamp is rendered parallel by a lens 

? Barnes and Fulweiler, Jour. Chem. Soc., 49, 2034; 1927. 

* Moll, Phys. Soc. Lond. Proc., 33, p. 207; 1921. 

* Siegbahn, Phil. Mag., 48, p. 217; 1924. 

‘ Harrison, J.0.S.A. & R.S.I., 10, p. 157; 1925. 
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and after passing through a vertical slit, 1 mm wide, falls on a small 
portion of a long horizontal slit in plate B, which is carried on ways and 
can be moved horizontally by turning screw, C. Plate, B carries the 
spectrum plate, D, with the spectrum over the horizontal slit whose 
width is made about two-thirds that of the width of the spectrum. 
The light from the illuminated portion of the spectrum then passes 
through a slit, 0.5 mm wide, which is moved up to the emulsion side 

















Fic. 1. Registering densitometer. 


of the plate until it almost touches it. An aplanatic eyepiece, E, then 
forms a sharp image, magnified about seven times, of this small region 
of the spectrum on the slit, 0.2 mm wide, of a Coblentz linear thermo- 
element. The thermoelement is enclosed in an air-tight copper cylinder 
with a plane glass window and surrounded with a thick coat, F, of 
cotton batting. 

The potential difference generated in the thermopile is indicated 
by a Leeds and Northrup high-sensitivity galvanometer having a period 
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of about six seconds. A resistance of 30 ohms placed in series with 
the galvanometer and thermopile made the galvanometer deadbeat. 

For recording the deflections of the galvanometer an 8X10 photo- 
graphic plate is placed in the holder, G, which is carried by a screw, H, 
vertically downwards on two heavy steel rods, passing en route a 
narrow horizontal slit over which moves the image of a lamp filament 
reflected from the mirror of the galvanometer. The distance of the slit 
from the galvanometer is about 170 cm. 

The screw, H, is turned by screw, C, by means of bevel gears of the 
same ratio. The pitch of H is twice that of C within the limit of measure- 





Fic. 2. Absorption band of benzene af 8744A. 


ment possible for the graphs shown below in Figs. 2-5. This gives a 
dispersion on the graphs of twice that of the grating. The graphs, 
therefore, have a dispersion of 4.66A to the millimeter. A motor, 
through a reducing gear, turned these screws at a very slow rate; the 
plate B, moving about 5 cm in 3 hrs. 

For purposes of measurement sharp clear lines were ruled with 
a knife, across the continuous spectrum on either side of the absorption 
band. They were usually ruled as near as possible through known copper 
lines which as stated above lie above and below the absorption spec- 
trum. We regret that they can not be seen on the much reduced repro- 
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Fic. 3. Absorption band of toluene at 8767 A. 





Fic. 4. Absorption band of benzene at 7133A. 
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ductions of the spectra, a, in Figs. 2 to 5, but their records on the 
densitometer graphs, b are quite apparent. It is important to note 
that the photographic plate, D, was carefully adjusted on the plate, 
B, so that the images of these sharp scratches were parallel to the slit 
of the thermoelement. 

The numerous jags on the densitometer graphs are not due to defects 
in the instrument, variations in the source of light, external or internal 
vibrations, etc., but are caused principally by the graininess of the 
photographic plates; a few being due to specks"produced on the plates 





Fic. 5. Absorption band of toluene at 7142A. 


during the process of hypersensitizing them. This was proven many 
times by running the same spectrum through the densitometer two or 
more times, the graphs obtained being identical, having jags of the 
same shape and in the same position on each graph. 


RESULTS 


The results are shown in the best way by means of Figs. 2 to 5. 
Fig. 2. shows a the absorption band of benzene, having its center at 
wave length 8744A. The length of the cell was 30 cm; b is the den- 
sitometer graph of a. Fig. 3 a and 6 are for toluene of 30 cm length. 
The wave length of the center of this band is 8767A. Fig. 4 shows a the 
absorption band of benzene having its center at wave length 7133A. 
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The length of the cell was 80 cm; 6 is the densitometer graph of a. 
Fig. 5 a and 0 are for toluene of 80 cm length. The wave length of the 
center of this band is 7142A. The values of the wave lengths given 
above are the means of many measurements made upon the graphs 
obtained from at least two spectrum plates. 

This method of obtaining the absorption bands in the near infrared 
as far as these photographic plates will permit as well as their measure- 


ment with the densitometer is being continued for various hydro- 
carbons. 


Bryn Mawr CoLtece, Bryn Mawr, Pa., (J. B.) 
U. G. I. Contractine Co., Patra., Pa., (W. H. F.) 
SEPTEMBER, 1927. 


Polarization of resonance radiation of sodium. In these ex- 
periments either of the two D-lines of sodium, plane-polarized in any azi- 
muth, could be projected into sodium vapor separately from the other, 
and the resonance-radiation produced by each separately could be analyzed. 
The sodium vapor in the resonance-tube was freed of mercury with especial 
care, and it was possible to analyze the resonance radiation when the 
pressure was only 3- 10-7? mm Hg. The percentage of plane-polarized 
light in the radiation excited by D2, and emitted normally to the electric 
vector and direction of propagation of the exciting beam, increased from 
24 to 33 as the pressure was lowered from 48 to 3 - 10~’; extrapolation of 
the curve makes it seem likely that the percentage would reach Heisen- 
berg’s predicted value of 60% if the pressure could be lowered enough. 
In the presence of a magnetic field parallel to the electric vector the degree 
of polarization approaches 60% more nearly, and practically attains it for 
a field strength of 150 gauss at a pressure of 18 - 10~’. Assuming that the 
deficiency from the expected 60% is due to collisions with other sodium 
atoms, Datta calculates the collision-area of the atom for such impacts, 
taking 3 - 10~* sec as the mean duration of the excited state; for the case 
of vapor not subject to impressed magnetic field he arrives at the fantastic 
value 10-* cm?, while in the stronger magnetic fields the values approach 
more nearly to the familiar 10~'*. Admixture of potassium vapor also cuts 
down the polarization, but admixture of argon does not.—[G. L. Datta 
(Géttingen) ; Zs. f. Phys., 37, pp. 625-638; 1926.] 


Kart K, Darrow 








THE INTERMITTENCY EFFECT IN 
PHOTOGRAPHIC EXPOSURE 


By CLARENCE E. WEINLAND 


ABSTRACT 


The intermittency effect has been investigated with monochromatic light at several 
wave lengths between 2537A and 4358A. Light from a quartz mercury arc was reduced in 
intensity by known amounts using a set of wire mesh screens, and the beam passed through 
a rotating sector and was focused on the slit of a quartz spectrograph. The Eastman Speed- 
way plates showed only a very small intermittency failure, independent of wave length, 
while the Wratten Panchromatic and Cramer Contrast Process gave a very considerable 
intermittency effect, increasing with an increase in wave length. The ‘ncrease of the latent 
image as set forth by Brush was found not to exist, nor were the sector scale and intensity scale 
curves found to coincide as indicated by Weber. In attempting to check Weber's results 
it was observed that the intermittency failure is in the same direction as the reciprocity 
failure, but of less magnitude. Further evidence is cited indicating that there is an intimate 
relation between the intermittency and reciprocity failures. For moderately high frequencies 
of flash the intermittency effect was found to increase exponentially with the ratio of rest to 
flash, being almost independent of the frequency of flash, but at very low frequencies of 
flash the effect was dependent on frequency and not on ratio. If the plate were previously 
exposed, the intermittency failure was found to be reduced, and if this previous exposure 
brought the latent image up to the foot of the straight line portion of the characteristic curve, 
the intermittency effect was found to be almost eliminated. The association of the inter- 
mittency effect with the underexposure region was further indicated by the fact, deduced 
from the relative shapes of continuous and intermittent characteristic curves, that the 
difference between them increases up to the foot of the straight line portion and then re- 
mains constant. 


INTRODUCTION 


In photographic photometry of spark spectra it is often desirable to 
calibrate the photographic plate by means of a non-intermittent source 
such as an arc or incandescent lamp. If, as will be shown in this article, 
an intermittent exposure under certain conditions may produce but 
60% as much density as a continuous exposure of the same energy, 
it is necessary that the conditions governing the intermittency error 
be known before comparison can be made between arc and spark spec- 
tra. 

There have been a number of qualitative investigations of the inter- 
mittency effect, of which those of Swarzschild,| Sheppard and Mees,? 
Renwick,’ Abney,‘ Jones,® and Englisch® may be mentioned. In general 
their results indicate that the density resulting from continuous ex- 
posure is in most cases greater than that from intermittent, though not 
always; that the intermittency effect increases with a decrease in the 
intensity of the light; and that the intermittency effect increases with 
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increasing ratio of rest period to flash period. Nearly all of these men 
used white light and a sensitometer employing a sector disc with 
various angular apertures, making it very difficult to separate the effects 
of the following variables: 1. Ratio of rest to flash. 2. Frequency of 
flash. 3. Total energy of exposure. 4. Wave length of the light. 

Davis’ has carried out a very careful investigation of the inter- 
mittency effect, definitely establishing the existence of an increase in 
density from intermittent exposure as compared with continuous, 
under certain conditions, and indicating that such an increase may be 
associated with a high light intensity while at a low intensity a decrease 
is more likely. He too, worked with white light and a rotating disc 
sensitometer, so his results do not yield any information upon the effects 
of the other variables mentioned above. 

Kellner® studied the subject of “Photographic Photometry with 
Intermittent Exposure from the Standpoint of a New Law of Blacken- 
ing,” but he did no new work upon the intermittency effect, basing his 
conclusions upon the results of Swarzschild' and Englisch.® 


VARIABLE FACTORS IN THE PROBLEM 


In any investigation of the photographic plate there are a number of 
variable factors which must be controlled. Each emulsion has its own 
peculiarities, and plates of the same emulsion are affected by humidity 
and temperature, causing variations between plates as well as variations 
over the surface of any one plate. To investigate the intermittency 
effect one must expose a photographic plate to light of a definite wave 
length and intensity, in a series of flashes separated by a series of rest 
periods, a sufficient number of flashes being given to deliver the desired 
total energy. For comparison, a continuous exposure is made to the 
same light for a long enough time to obtain the same total energy as in 
the intermittent exposure. The latent image resulting from these 
exposures cannot be observed directly, but must be reduced by develop- 
ment, the resulting density depending on the particular reducing agent 
and its concentration, and on the time and temperature of development. 

From the above factors, certain other very important variables may 
be derived. Ordinarily the exposure E is understood as the product of 
the intensity J and the time / for a continuous exposure. In this paper, 
the exposure E when given intermittently will be understood as the 
intensity times the sum of all the individual flash periods, and is iden- 
tical with total energy. The ratio of rest period to flash period is an 
important variable, and will be designated by the letter g. The degree 
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of development is determined by the particular agent used, its concen- 
tration, and the accessory chemicals in the developer, and the time and 
temperature of development. All this can be brought under the term 
“development factor,” which is measured by the slope of the charac- 
teristic curve. 


APPARATUS AND PROCEDURE 


Four emulsions were used, Eastman Speedway as a typical rapid one, 
Eastman 36 as one of medium speed and contrast, Cramer Contrast 
Process as one of low speed and high contrast, and Wratten Panchro- 
matic as a typical color sensitive emulsion. 

The developer was of the following composition: 


Distilled water 


a a a 
Hydrochinon... 

Sodium carbonate 

Potassium bromide 


This was mixed up in concentrated solution, ten liters at once, and 
stored in 8 oz. bottles with corks dipped in paraffin. No deterioration 
was observable. Thus for every group of plates strictly fresh developer 
was at hand, with a minimum of variation in composition. Maximum 
contrast was found to be reached with this developer in five minutes 
at 15.2°C. As all subsequent development was at a higher temperature 
the time was reduced somewhat, practically all work being done at 
16.8°C and four minutes. During development the plates were brushed 
constantly with a 1} inch camel’s hair brush, as recommended by Clark"® 
for tray development. 

Densities were measured by means of the thermoelectric densi- 
tometer designed by Harrison," each area being measured twice. The 
fog setting of the densitometer was always made upon the same area 
on the plate, in order that all density measurements might be referred 
to the same standard. Consequently, the only fog correction was the 
subtraction of the one particular constant value of fog density for each 
plate. Densitometer values checked within two percent at density 1, 
for repeat readings, and all repeat readings were averaged ‘before 
computing the density. On rechecking curves the slope of the curve 
was found to vary less than 1° in the most extreme cases. 

The exposure apparatus was built up around a quartz spectrograph 
of low dispersion. The source of light was a quartz mercury arc running 
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on a 110 volt storage battery, in most cases the arc potential being 
about 25 volts and the current 2.5 amperes. 

The intensity of the light was greatly reduced by using only that 
reflected from a plane quartz surface. A quartz lens of 36” focal length 
focused a slightly reduced image of the arc on the slit of the spectro- 
graph. The mercury spectrum has five intense lines fairly uniformly 
distributed between 2500A and 4500A, and all measurements were 
made on these lines. Immediately in front of the slit was placed an 
electromagnetic shutter controlled by a clock beating 1.4 seconds. 
Throughout this paper when seconds are mentioned they will correspond 
to these 1.4 second intervals. The sector disc was located one-half inch 
beyond the shutter, various discs being interchangable so that the ratio 
qg and the number of flashes per revolution could be varied at will. 
Speed of rotation of the sector was indicated by a stroboscopic method, 


Reflector 4 
- ps NEE 


gl 
Hg. Are Screens Sector 














Fic. 1. Diagram of quarts spectrograph arranged for exposing plates to intermittent 
and non-intermitient illumination. 


discs with various numbers of radial light and dark areas illuminated by 
a lamp fed from 60 cycle alternating current being used. The trans- 
mission of each sector was determined by means of a thermopile, but 
in most cases the error in cutting the sector was negligible, while when 
over 0.5% it was corrected for by multiplying all exposure values by 
the proper amount in plotting the curves. 

The intensity of the light was varied from 100% to 1% by means 
of a set of blackened wire mesh screens of Harrison’s" design. These 
were inserted in the beam as close to the focusing lens as possible and 
always kept in irregular motion. It was found necessary in using 
these screens to keep them from rotating with respect to one another, 
for this produces large mesh patterns resulting in a flickering of the 
light at the slit. Also the screens must be so located that the part of 
them actually in use, as determined by the aperture of the spectrograph 
lens system, is great enough that the individual meshes are negligible. 
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Otherwise the flickering of the light at the slit results in a partial inter- 
mittency effect and may cause errors. The transmissions of the screens 
were measured by means of the same thermopile setup as used for the 
sector discs, and were then checked in the densitometer. Some trouble 
was experienced at first in measuring the transmission of the screens 
with the thermopile, finally explained as due to the meshes of the screen 
diffracting the light a sufficient amount to spoil the image of the filament 
of the incandescent lamp which was sharply focused on the thermopile, 
thus giving low, erratic values. This trouble disappeared when the 
image of the lamp was thrown out of focus, and also when a mercury 
arc was used as a source, in the latter case due to the width of the image. 

In exposing plates, for each step in the curve, an intermittent ex- 
posure was taken with sector running, then the sector was stopped and a 
continuous exposure of equal energy was made through one opening of 
the sector, and then the sector brought up to speed and a second 
exposure made. This served to balance out any variation in the light 
intensity due to a change in voltage, current or temperature of the 
source. The densities of the two intermittent exposures were then 
averaged for comparison with the continuous. 

EXPERIMENTAL RESULTS 

The claim advanced by Brush," to the effect that the latent image 
continues to grow for approximately 30 minutes after exposure, the 
increase amounting to from 8% to 10%, was first investigated. Three 
emulsions were tried, Cramer Contrast Process, Eastman Speedway 
and Wratten Panchromatic. On each plate a series of exposures of equal 
energy was made at various times over a period of two hours, in every 
case a group of exposures approximately one minute apart coming at 
the end of the run. Half of the plates were developed immediately and 
half held for twenty-four hours before development. In no case was 
anything observed which could be attributed to such an effect as that 
described by Brush. Weber tried to check this claim also, but found the 
effect not to exist. 

The conclusions arrived at by Weber,* working with monochromatic 
light and a sector disc of variable aperture, to the effect that inter- 
mittent exposure does not introduce errors into photographic pho- 
tometry, have not been generally accepted, practically all workers 
taking great pains to avoid intermittency effects. His conclusion is 
evidently based upon his observation that the characteristic curves 
produced by varying the light intensity are identical with those pro- 
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duced by varying the aperture of the sector disc. In order to check this 
result, each of several plates was exposed to a time scale, an inter 
mittency scale and an intensity scale produced in the following manner: 
first a continuous exposure of twenty seconds duration was given 
followed by a series of exposures at various shorter times down to on 
second, producing the time scale; then another twenty second exposure 
followed by a series with decreasing intensities produced by inserting 
appropriate screens, all exposures being for twenty seconds, giving th« 
intensity scale; finally a series all of twenty seconds duration but with 
smaller and smaller apertured sectors, resulting in the intermittency 
scale. This is shown in detail in Table 1. 


TABLE 1. Exposures for time, intermittency and intensity scales. 






























































Log E Time scale Intermittancy scale Intensity scale 
Intensity 100% Time 20 sec Time 20 sec 
Sec -| Transmission 
Ratio (q) | Transmission 
3.000 20 0 100% | 100% 
2.687 48.7 
2.699 10 1 so 
2.602 8 | 
2.477 6 
2.456 28.6 
2.398 5 3 25 
2.301 4 
2.183 15.2 
2.176 3 | 
2.097 7 12.5 
2.000 2 | 
1.830 6.76 
1.796 15 6.25 
1.699 1 
1.517 3.29 
1.494 31 3.12 
1.193 63 1.56 
1.168 1.47 
0.780 -603 
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The higher energy exposures gave density values above the range of 
the densitometer, but if they had been measurable, all three curves 
would have coincided at the same density value at log E=3.000, for 
this would correspond to the twenty second continuous exposure at 
full intensity common to all three scales. It is evident from the curves 
that the intermittency and the intensity scales do not coincide as sug- 
gested by Weber. The intermittency error is seen to lie in the same 
direction as the failure of the reciprocity law, but is of less magnitude. 
It will also be observed that the differences between the three curves 


Density 6 
3.0 c 


Cramer Contrast Proeess 
25 24356 

A- Time Scale 

B — Sector Scale 
2.0 C ~ Intensity Scole 








Log Exposure 
1.0 iS 20 2.5 3.0 





Fic. 2. Comparison of time, intermi'tency and intensity scale characteristics curves at \4358A. 


are much more marked at low densities where the curves have broken 
away from their straight line portions. 

Weber’s failure to find a difference between intensity scale and inter- 
mittency scale curves is very possibly due to the fact that he only de- 
veloped his plates to a slope of approximately 0.8 which is certainly far 
below the maximum for his slower emulsions, while the results of the 
present work indicate that the intermittency failure would be very 
small with emulsions of high speed. There is no direct evidence upon 
the effect of development factor on the intermittency effect, but Jones, 
Huse and Hall'* have shown that the reciprocity failure definitely in- 
creases with an increase of development factor. Consequently if the 
intermittency curve lay between the time and intensity curves, and 
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the latter two tended to coincide as would be the case when the : 
ciprocity failure was small due to the low development factor, t! 
intensity and intermittency curves would also coincide as Weber foun: 
them to do. 


RELATION OF INTERMITTENCY AND RECIPROCITY FAILURES 

These curves suggest that the intermittency and reciprocity failure 
may be intimately related, for intermittent exposure is a sort of half 
way condition between time scale and intensity scale, and the curv: 
from intermittency scale does indeed lie between those from time and 
intensity scale exposure. That is, for exposures of equal energy, during 
any flash the intensity is the same as that for the time scale, but taken 
over a large fraction of the exposure the mean intensity is the same as 
that of the intensity scale exposure and consequently the resulting 
intermittency failure is found to be in the same direction as the re- 
ciprocity failure, but of less magnitude. Davis’ has obtained results 
suggesting that for every emulsion there may be an “optimal intensity,” 
above which an intermittent exposure tends to give an increased density 
while with a lower intensity the density tends to be reduced. The “op- 
timal intensity” for least failure of the reciprocity law has been definitely 
indicated by Kron"® and by Jones and Huse."* Furthermore, Jones, 
Huse, and Hall'* have found at low intensities, a greatly increased 
reciprocity failure with low-speed, fine grained emulsions, while in this 
work the author has in the few cases investigated found the same thing 
to apply to the intermittency failure, which also can be observed in the 
curves given by Davis. 

EFFECT OF WAVE LENGTH 

From the plates exposed with an eight aperture sector, 1/8 trans- 
mission, running at 40 RPS, it may be concluded that at unit density: 

A. The Cramer Contrast Process plates show a considerable wave- 
length effect in the region studied, the effect increasing by an average 
of 60% between 2537A and 4358A. 

In Fig. 3, the horizontal lines represent the density of continuous 
exposures chosen for comparison, the densities from intermittent 
exposures of equal energy falling below these lines. The increase in 


density difference at longer wave lengths is most marked at higher 
density. 


B. The Eastman Speedway plates show no appreciable change 
in density difference over this wave length range. 
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C. The Wratten Panchromatic plates show approximately a 15% 
increase in intermittency effect with the same wave length increase. 
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Fic. 3. Variation of intermittency effect with wave length for Cramer Constrast Process plates. 
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Fic. 4. Variation of intermittency effect with wave length for Eastman Speedway plates. 











EFFECT OF RATIO AND FREQUENCY OF FLASH 
Before beginning the actual experimental work, it did not seem likely 
that the ratio of rest to flash would be so important a variable as the 
absolute lengths of the rest and flash periods from which the ratio is 
formed. If the intermittency error is due to an action taking place dur- 
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ing the rest periods as suggested by Davis,’ the absolute length of thi 
period would be very important. On the other hand, if the action take, 
place during the flash period, its absolute length would be more sig 
nificant. Following this idea out, two series of exposures all of the sam: 
energy were made on a plate. The first series were all of equal flash 
period but of varying frequency of flash and varying ratio of rest period 
to flash period, produced by using series of sectors of different ratios 
and then adjusting the speed of rotation so as to keep the flash period 
constant. The second series of exposures was made with the same series 
of sectors, but all run at the same speed, thus keeping the frequency 
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Fic. 5. Effect of ratio of rest to flash q, for Cramer Constrast Process plates at \4358A. 


of flash constant but varying the ratio of rest to flash and varying the 
duration of the flash period. When the resulting densities were plotted 
against the sector ratio, the two series apparenty coincided on the 
same curve regardless of the length of flash period, thus proving that 
the ratio has much greater effect upon the density than has the flash 
period, both on Cramer Contrast Process and Wratten Panchromatic 
plates. Further work has shown that as long as the speed of rotation of 
the sector lies between the limits of 2 and 40 RPS the greatest variation 
in speed of sector has less effect than the variation between one plate 
and the next. Comparing these densities with those from continuous 














December, 1927] INTERMITTENCY EFFECT 347 


exposures of equal energy and plotting the density differences against 
the ratio g of the sector, an exponential type of curve results. 

In Fig. 5 the horizontal line represents the mean of the densities from 
continuous exposures while the circles represent the observed densities 
from intermittent exposure. The solid curve represents the function 
found to fit these points most nearly, 5D = mq", where 6D is the density 
difference between continuous and intermittent exposure and gq is 
the ratio of rest to flash, and in this case m=80 and n=.49. Other 
plates gave values of the constants as follows: 


m n 

Cramer Contrast 1 .82 .56 
- " #2 .95 .48 
’ ° #3 .80 49 

Wratten Panchromatic Sa .69 


The above experiment strongly suggested that the intermittency 
failure might be independent of the frequency of flash. An experiment 
to determine the effect of this factor was carried out as follows. Three 
Cramer Contrast plates were exposed, each with its own value of ratio, 
the frequency of flash on each varying from the lowest attainable up to 














Density 
Lo om Continuous 
UN sas ox un Al ‘ oa! 6 
8 ». 
\ 

~ 

Ne q=I5 
s eet 
4 
2 
o bh ¢ 3 2 8 20 40 160_APS. 

-| 0 | 2 LogRPS. 3 


Fic. 6. Effect of frequency of flash on Cramer Contrast Process plates at 4358A. 


approximately eighty flashes per second. Low frequencies of flash were 
secured by use of the magnetic shutter, the ten second exposure being 
broken into two five, five two and ten one-second exposures with 
appropriate rest periods between. With the apparatus at hand it was 
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impossible to work in the frequency region between that with the ten 
one-second flashes and 2 RPS. Above 2 RPS the two aperture sector 
discs were run at the desired speed. All exposures were made to the 
same energy, corresponding to a ten second continuous exposure. 

In Fig. 6, the three points at the left of each curve were made with 
the magnetic shutter, those at the right with the sectors. The horizontal 
line represents the mean of the densities from the continuous com- 
parison-exposures. When the densities from the intermittent exposures 
are plotted against the log of the frequency of flash, it is at once evident 
that the two groups of exposures do not behave in the same manner. 
The group at the left having each flash one second or longer in duration 
shows no dependence whatever upon the ratio of rest to flash but does 
vary with changing frequency; while the group at the right, having 
each flash at least 1/8 second or less in duration, shows a marked de- 
pendence upon ratio but very little upon changing frequency. From 
this one may conclude that under these conditions the intermittency 
effect is only slightly dependent upon the frequency of flash when the 
individual flash is very short, but that when the individual flash is 
itself long enough to produce an appreciable density there is a very 
definite dependence upon frequency. 


EFFECT OF PRE-EXPOSURE 


The results of the previous experiment indicating that when the 
individual flash is quite long the intermittency effect is greatly reduced, 
suggested that the intermittency effect may be inherent in the under- 
exposure region of the characteristic curve, and therefore be connected 
with the phenomenon of photographic inertia. This was found to be the 
case, as will be shown by the following experiment. On each of two 
Cramer Contrast Process plates a series of exposures was given, all of 
the same energy, but with only a part of the exposure given inter- 
mittently, the remainder being continuous. On one plate the con- 
tinuous part of the exposure was in every case given first while on the 
other the intermittent part was first. As in previous figures, the hori- 
zontal line in Fig. 7 represents the mean of the densities from the 
ten-second continuous comparison-exposures, the densities from inter-, 
mittent exposures being subtracted from that of the nearest continuous 
exposure on the plate, these differences then being plotted downward 
from the line in the figure. 
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It is at once apparent that in every case where part continuous 
exposure is given, if the continuous is first the density is greater than 
if the intermittent part is first. 

But further than this, it can be seen that in this case, when six seconds 
or more of continuous exposure were given, the succeeding inter- 
mittent exposure was integrated in the same manner as the continuous, 
as shown by the coincidence of the upper curve and the horizontal 
line. It is significant that the time-scale characteristic curve for this 
emulsion, intensity, and wave length, passes from under exposure region 
to straight line portion at approximately six seconds exposure. Thus it 
would seem that the intermittency failure only occurs before the latent 
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Fic. 7. Effect of pre-exposure on Cramer Contrast Process plates at }4358A. Ratio g=15. 


image has been built up to a very great degree, and consequently it may 
be quite intimately connected with the inertia of the plate and with the 
departure of the characteristic curve from the straight line in the 
under exposure region. This result also suggests the possibility of 
greatly reducing or perhaps eliminating the intermittency effect in 
photographic photometry of spark spectra, by pre-exposing the plate. 


VARIATION OF THE INTERMITTENCY EFFECT WITH DENSITY 


The connection of the intermittency effect with the under exposure 
region of the characteristic curve is more or less evident from the 
comparison of two typical intensity-scale characteristic curves, one 
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made with continuous exposures and the other with intermittent 
At very low exposures the two curves will practically coincide, both 
starting from the same value of fog density. In the under exposure 
region the continuous curve rises faster than the intermittent until the 
straight line portion is reached, where the two curves diverge or con- 
verge as the slope of one is greater or less than that of the other 
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Fic. 8. Characteristic curves with continuous and intermitent exposure. 


No consistent variation of slope with intermittency effect has been 
observed in this work. Since all exposures on these two curves were 
with the same total energy, equal intensities mean equal energies and 
consequently the difference between the two curves may be plotted as 
in Fig. 9. For each density on the continuous curve of Figure 8, the 
loss in density caused by applying the same energy intermittently is 
determined and plotted as the density difference. This density differ- 
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ence increases rapidly until the foot of the straight line portion is 
reached, after which it bears a straight line relation to the density of the 
continuous curve. This also tends to support the conclusion that the 
intermittency error is inherent in the under exposure region of the 
characteristic curve. 
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Fic. 9. Variation of density difference with density at d4358A. 


Since the time of exposure was held constant at ten seconds for con- 
tinuous exposures, the effect of varying the intensity of the light was 
not separated from the effect of varying the total energy. 


THE INTERMITTENCY EFFECT AND THE LATENT IMAGE 


The above results indicating that the intermittency error is not 
dependent upon the absolute length of flash period but rather upon the 
ratio of rest to flash for high frequencies of flash, show that of the two 
variables, rest period and flash period, the rest period is the most 
important. Since, in this work at least, the intermittency error appears 
as a decrease in density, the idea suggests itself that there may be a 
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retrogression of some of the developable grains during the rest periods 
in the intermittent exposure, thereby reducing the amount of latent 
image. Such an idea was proposed by Davis. But a simple retrogression 
of this kind seems inadequate as an explanation of the intermittency 
effect, for if this action did go on, as soon as a grain were made develop- 
able by exposure, it would be capable of retrogression whether the 
exposure were intermittent or continuous, and no difference would be 
distinguishable between the resulting densities. The significant differ- 
ence between the intermittent and continuous exposures is that in the 
latter case any grain put into a suitable condition for retrogression is 
immediately bombarded by more energy, while in the former case there 
is a delay before more energy arrives. This suggests that there may be 
some sort of an intermediate metastable state in the production of a 
developable grain, and that a grain in this condition is capable of 
retrogression unless soon supplied with the energy necessary for its 
conversion to the developable condition. A mechanism of this type 
would also explain the failure of the reciprocity law at intensities below 
Kron’s'* “optimal intensity” as due to grains having been put into 
the metastable state amd then not supplied with additional energy, 
because of the low energy input rate, in time to prevent their retrogres- 
sion. On the other hand, this mechanism alone would not account for 
the increased density from intermittent exposure, observed with high 
light intensities by Davis,’ nor for the reciprocity failure at high 
intensities. Also the conclusion arrived at above, to the effect that 
there is no intermittency error while building up the straight line 
portion of the characteristic curve is still unexplained. 

It is quite evident, therefore, that a simple retrogression will not 
explain the phenomena. Any more complicated theory must certainly 
take into account the size distribution of the grains and the effect of the 
sensitivity centers, as well as the reciprocity and intermittency failures. 

In conclusion the author wishes to express his appreciation of the 
help and guidance given by Professor George R. Harrison, under whose 
direction this work was carried on, and to acknowledge the use of 
apparatus purchased by means of a grant from the Rumford Fund of the 
American Academy of Arts and Sciences to Professor Harrison. 


DEPARTMENT OF PHYSICS, 
STANFORD UNIVERSITY, 
StanrorD University, CALIFORNIA. 

















December, 1927] INTERMITTENCY EFFECT 353 


BIBLIOGRAPHY 


! Swarzschild. Astrophys. Journ., //, p. 99; 1900. 

* Sheppard and Mees. “Investigations on the Theory of the Photographic Process. 1907. 
* Renwick. Brit. Journ. Phot., 57, p. 324; 1910. 

* Abney. “‘A Treatise on Photography.” 

5 Jones, L. A. Phot. Journ., 60, p. 96; 1920. 

* Englisch, E. Arch. f. Wiss. Phot., /, p. 117; 1899. 

? Davis, R. Scientific Papers of the Bureau of Standards, No. 526. 

® Kellner, H. M., ZS. f. Wiss. Phot., 24, p. 41; 1926. 

® Weber. Annalen d. Physik., 45, p. 801; 1914. 

1° Clark. Phot. Jour., 65, p. 76; 1925. 

" Harrison, G. R. This Journal, /0, p. 157; 1925. 

® Harrison, G. R. This Journal, //, p. 341; 1925. 

% Brush, C. F., Brit. Journ. Phot., 57, p. 781; 1910. Physical Review, 3/, p. 241; 1910. 
4 Tones, Huse and Hall. This Journal, /2, p. 321; 1926. 

% Kron, E. Pub. des Astrophys. Observ. zu Potsdam Nr. 67; 1913. 

6 Jones and Huse. This Journal, //, p. 319; 1925. 


Resonance radiation excited by circularly polarized light. 
The resonance radiation \2536 of mercury vapor, when excited by cir- 
cularly-polarized rays, is itself circularly polarized although with an ad- 
mixture of unpolarized light; this is to be expected, since excitation by 
plane-polarized light results in plane-polarized radiation just as if the atoms 
contained the classical “bound electrons.” The resonance radiation of the 
D-lines of sodium vapor when excited by circularly-polarized light consists 
to about 60% of circularly-polarized radiation, a result which like the 
result with plane-polarized light requires extensions of the theory. In the 
presence of magnetic fields directed parallel to the exciting rays, the cir- 
cularly-polarized portion of the resonance-radiation becomes more pro- 
nounced, attaining (in radiation emitted at 150° to the exciting beam) 
more than 80% of the whole when the vapor is of the least practicable 
density (p=.02 - 10-7 mm Hg) and the fields at their highest strengths 
(600 gauss). Qualitatively this may be explained by assuming that the 
P;, Pz and S states of the sodium atoms are split by the magnetic field 
into 4, 2 and 2 distinct levels according to Landé’s rules; that initially 
the sodium atoms are in one or the other of the two S levels; that the only 
transitions which the exciting beam can enforce upon them are those which 
when reversed would give rise to circularly-polarized light of the same 
direction of rotation as the incident light, so that they are transferred into 
one or another of only 3 of the six P states (two from P; and one from P2); 
that the resonance radiation is emitted when they return to one or another 
of the S states. This reasoning leads to the conclusion that the resonance 
rays emitted at 180° to the incident beam should be completely polarized 
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circularly, which is compatible with the data for the lowest pressures and 
highest fields. Nothing in the theory explains why the polarization should 
increase gradually as the field strength is raised. Numerous curves show 
the effect of hydrogen, argon, and neon-helium mixture on the polarization, 
which is always reduced and to much the same extent by equal pressures 
of the three gases.—[W. Hanle: Zs. f. Phys., 30, pp. 93-105, 1924; 41/, 
pp. 164-183, 1927.]. 


Kart K. Darrow 


Multiplet structure of the spectrum of neutral helium. 
The growing belief that the apparent doublet term-system of neutral 
helium must actually be a triplet system receives confirmation through 
Houston’s success in resolving the apparent doublet lines 5876 and 7065 
into triplets. The first of these “lines” consists of the combinations between 
an S-term and the three levels of a triplet P term; the second is a “mixed 
triplet,” the combination of a triplet P and a triplet S term. The resolution 
was effected in the one case with a compound Fabry-Perot interferometer, 
in the other with a single interferometer equipped with gold films. Various 
items of evidence obviate the possibility that the apparent resolution of the 
doublets into triplets might have been due to reversal of the core of the 
strongest lines in actual doublets. The result is very welcome to theorists 
eliminating as it does an outstanding discrepancy between atomic theory 
and spectroscopic data.—{W. V. Houston (Pasadena); Proc. Nat. Acad. 
Sci., 13, pp. 91-94; 1927.] 


Kart K. Darrow 


Hall-effect in bismuth for low magnetic fields. In _ experi- 
ments by Klaiber films of bismuth produced by evaporation, a few hun- 
dredths of a mm thick, were tested for Hall effect in magnetic fields ranging 
from 0.07 to 5 gauss and with primary currents ranging from 0.15 to 2 
amperes. The Hall coefficient was found to be independent of magnetic 
fieldstrength and also (allowance being made for temperature-rise) of 
primary current strength. In experiments by Heaps, a film 0.11 mm thick 
produced by letting a drop of liquid bismuth fall upon a glass plate was 
tested in magnetic fields ranging from 0.07 to 2.40 gauss, and there was 
no detectable change in Hall-coefficient—{F. Klaiber (Tiibingen); Zs. f. 
Phys., 43, pp. 67-69, 1927; C. W. Heaps (Rice Institute), Phys. Rev., (2), 
29, pp. 332-336; 1927.] 


Kari K. Darrow 

















INSTRUMENT SECTION 








A MECHANICAL HARMONIC ANALYZER FOR CATHODE 
RAY OSCILLOGRAMS 
By C. F. Wresuscu 
ABSTRACT 
A mechanical harmonic analyzer is described which will analyze oscillograms obtained 
from the cathode ray oscillograph when the reference field is sinusoidal. The instrument is 
adjustable to take care of oscillograms of various sizes. The analyzer can be used also for 


curves plotted on a uniform base. The particular instrument described was made to analyze 
up to and including the tenth harmonic. 


One of the chief causes for the restricted use of the cathode ray 
oscillograph for the examination of wave form has been the difficulty 
of analyzing the resultant curve. Attempts have been made to obtain 
a linear time-base so that ordinary analyzers might be used. Devices 
for accomplishing this are generally complicated or else have inherent 
frequency limitations, and at the best, the bases obtained are only 
approximately linear. An example of this is the neon lamp circuit.' 
Bedell and Reich have recently described the oscilloscope,’ an instru- 
ment for the simultaneous observation of a number of variable quan- 
tities. The several curves are obtained with the aid of a distributor and 
a linear time-axis is obtained for each curve by means of a gas-discharge 
lamp. However, a sinusoidal time-base is more convenient, since by the 
use of a filter circuit it can always be obtained of the same frequency as 
the wave being analyzed. 

In cases where the wave repeats itself so as to give a standing figure, 
the oscillograms may ke obtained by photographing the fluorescent 
screen or else may be copied from the screen by means of a pantograph. 

The analyzer is shown diagrammatically in Fig. 1. A Scotch cross- 
head C, operated by a pin whose distance from the axis of the disc D 
can be changed, is connected to the tracing point T. A rack R meshes 
with the gear W, which is fastened to, and is concentric with, the disc 
D. The rack R carries the gear wheel G, which in turn meshes with the 
rack M. The gear G is fitted to carry the planimeter point P. The guides 
for the Scotch crosshead are mounted on a support Q, which can be 

1 Kipping, N. V., Electrical Communication, 3, No. 1; July 1924. 


2 Bedell, F. and Reich, H. J., Journal of the American Institute of Electrical Engineers, 
46, No. 6, June 1927. 
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rotated about the axis of the disc D. The entire mechanism is mounted 
on rollers which permit it to be moved on a drawing board along the 
Y axis of the curve being analyzed. The disc D is driven by a small 
variable speed electric motor through a double reduction gear. 





- 
Fic. 1. Diagram of analyzer. 

The mechanical features of the instrument are better shown in the 
photograph, Fig. 2. With the crosshead at the middle of its path, the 
center of the sine axis is placed under the point T. Q is adjusted so that 
the motion of T due to the rotation of the disc will be parallel to the 





Fic. 2. Mechanical harmonic analyzer for cathode oscillograms. 


sine axis, while its motion due to rolling the entire instrument will be 
parallel to the other axis. Thus, oscillograms produced when the two 
deflecting fields are not accurately perpendicular can be analyzed. The 
pin in the disc is then set to make the travel of the crosshead equal to 
the length of the sine axis. 

To find the amplitude of the sine component of the mth harmonic a 
gear, whose circumference is 1/m times the base length, is substituted 
at G with the planimeter point on the gear and in the direction of the 
X-axis from the center of the gear. The figure is then traced by the 
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pointer 7 starting at the origin, moving up along the Y-axis, then 
around the curve in a clockwise direction, and finally back to the 
starting point at the origin. The motor is then reversed, thus causing 
the axis of G to move back along the X-axis. The observed planimeter 
reading together with the area under the curve gives the desired ampli- 
tude. The amplitude of the cosine component can similarly be found 
by displacing the planimeter point ninety degrees from its first position 
on the gear. 

As the pointer T follows the curve, the displacement of T in the 
direction of the X-axis will be proportional to the sine of the angle of 
rotation of the disc D; while the corresponding displacement of the axis 
of the gear G will be proportional to the angle. Any displacement due to 
rolling the instrument will be the same for both points. Thus the path 
followed by the center of the gear will be the translated oscillogram. 
The planimeter reading P will then give 


p f int 2xnr f aan 
A= dx + — y cos —— dx, 
0 ) R 0 . r 


1 =(P Mons 
A, =(Pa—a) — 
Ar 


where A, is the amplitude of the cosine component of the mth har- 
monic, R is the radius of the gear G, r is the distance from the center 
of the gear to the planimeter point, A is the base length, and a is the 
area under the curve found by tracing the curve with the planimeter 
point at the center of the gear. 


or 


ane ee 








Fic. 3. Rectangular curve. 


This analyzer thus combines a device for delineating* cathode ray 
oscillograms and a mechanical analyzer based on the principles of 
Yule’s machine.‘ 


3 Wiebusch, C. F., Journal of Scientific Inst., 3, No. 8. pp. 249-52; May 1926. 
* Yule, G. U., Phil. Mag., 39, pp. 376-74; April 1895. 
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The machine can also be used for analyzing curves plotted on a 
uniform base by drawing the curve to the proper base length and trac- 
ing it with the pointer 7’. The value of r may be chosen so as to make 
the ratio 2R/dr equal to one-tenth, making the instrument direct 
reading. 

As a test on the analyzer the curve shown in Fig. 3 was analyzed, 
with the result shown in Table 1. This curve when delineated results in 
a rectangular wave whose equation is 



































4h 
y= — (sin wx+1/3 sin 3wx+ --- -) 
Tr 
TABLE 1 
Amplitude in cm Amplitude in cm Error in % 
; calculated observed fundamental 
Harmonic fies = 6 
sine cosine sine cosine | sine cosine 
| as —<— a oe —— 
1 | 6.47 0 6.48 .02 | 0.15 0.31 
2 0 0 01 .02 | 0.15 0.31 
3 2.156 0 2.15 .00 | 0.09 0.00 
4 0 04 01 | 0.62 0.15 
5 1.296 0 1.32 | .06 | 0.39 0.92 
6 0 0 03 |  .04 | 0.46 0.62 
7 | .924 0 94 .00 | 0.25 0.00 
8 | 0 0 .05 .03 | 0.77 0.46 
9 | .719 | 0 73 | = .05 | 0.17 0.77 
10 | O | 0 04 | .02 | 0.62 0.31 
| | | 








It is seen that the accuracy of the instrument compares quite favor- 
ably with other types of harmonic analyzers. Many parts, including 
all gears, were stock parts; so that the accuracy of the analyzer could 
probably be greatly increased by the use of more accurately made gears. 

In conclusion, it might be said that the instrument described fills 
the need for an analyzer to be used with the cathode ray oscillograph, 
in addition to its use as an ordinary analyzer. Also, it is reasonably 
accurate, and, as constructed, it is fairly simple and cheap. 

The author wishes to acknowledge his indebtedness to Mr. L. H. 
Gruber, whose skill as a mechanician made the construction of the 
instrument possible. 


Hich Frequency LABorRATorIEs, 
DEPARTMENT OF Puysics, 
UNIVERSITY oF Texas, 
Austin, Texas. 




















THE PREPARATION OF LARGE SINGLE CRYSTALS 
By H. C. RAMSPERGER* AND EUGENE H. MELVIN 


The scarcity of large, pure, naturally occurring crystals has limited 
research on the properties of pure single crystals and has handicapped 
optical work, especially in the ultraviolet. It would be of great value 
to have a crystal that transmitted extreme ultraviolet as well as or 
better than the purest obtainable natural fluorite (CaF.) which was 
found by Lyman! to transmit to 1230A. It is now practically 
impossible to obtain sufficiently large and clear fluorite crystals to build 
a vacuum spectrograph that will transmit this far in the ultraviolet. 
Since as little as 0.01% of some impurities may easily prevent trans- 
mission of extreme ultraviolet light it is not surprising that natural 
fluorite varies greatly in transparency in this region. The artificial 
preparation of large crystals can be done with the pure salts, and the 
transmission limit would be that characteristic of the pure compound. 
Very pure fluorite may transmit even further than 1230A, and it seems 
possible that lithium fluoride (LiF) would transmit further than this. 
Crystalline substances are known to have a higher and more rapidly 
changing index of refraction as the transmission limit is reached. If 
different crystalline substances of varying transmission limit were 
available one could choose a prism material to give high dispersion in 
any desired part of the spectrum. 

We have developed an apparatus with which we have crystallized 
lithium fluoride, sodium chloride, mercuric bromide and sodium nitrate. 

THE METHOD USED 


Two general methods of preparing crystals from the molten salt have 
been described. One method depends on cooling the melted salt very 
gradually by means of a cooling device placed near the top of the molten 
liquid.2. The other method is to cool the melted salt from the bottom 
so that the crystallization occurs first at the lowest point in the dish 
and proceeds upward. Stober* had shown that in the case of bismuth 
metal, sodium nitrate, and sodium chloride the entire dish could be 
crystallized as a single clear crystal. We have used this method, making 
some improvements in the apparatus, and have as a result more 

* National Research Fellow in Chemistry. 

1 T. Lyman, Astrophys. J., 25, pp. 45-52; 1907. 

*S. Kyropoulos, Z. anorg. allgemein. Chem., 154, pp. 308-13; 1926. 
*Stober, ZS. Krist., 6/, pp. 299-314; 1925. 
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accurate control of the temperature and the rate of cooling. Our appa- 
ratus can be used to 1500°C, and we are now making changes which 
will permit even higher temperatures. 


EXPERIMENTAL CONDITIONS 


It is essential that the crystal first forms at the lowest point in the 
dish and that there be a uniform temperature gradient from top to 
bottom. This will insure that the surface of crystallization will be at 
a lower temperature than any point on the dish and thus prevent the 
formation of a second crystal. The temperature isotherms should be 
nearly horizontal to prevent convection currents. The cooling must 
by sufficiently slow to remove all strains. This is accomplished best by 
cooling very slowly just after the crystal has formed, since it is then 
very plastic. 

All of these conditions are easily met, and for all of the crystals which 
we prepared we found that the entire contents of the dish became one 
large single crystal, but that in some cases this crystal broke along 
cleavage planes into several small crystals when the cooling was prac- 
tically complete. Such crystals will show bad strains if examined with 
polarized light. All salts were found to stick to the platinum dish, and 
strains were introduced due to the different coefficients of expansion of 
the crystal and platinum. Attempts were made to find a suitable 
material for the dish that was not wetted by the salts, but none was 
found. Ordinary platinum ware is hardened by palladium or iridium, and 
is thicker than is necessary. We found that crucibles can be made of 
very thin (0.0025 cm) pure platinum foil which is nearly as soft and 
malleable as gold. The foil is easily welded and the seams are made 
tight by melting a very little gold along them. This thin foil shrinks 
with the crystal, and while slight strains still remain they are not 
sufficiently severe to break the crystal. 


APPARATUS 


The heating and crystallizing apparatus is shown in Fig. 1. The 
cylindrical block A holds the crucible B in which the material is to be 
crystallized. C and D are two heating units, and 7,, T; and T; are 
thermocouples. The apparatus is surrounded by 25 cm of infusorial 
earth for heat insulation. The cylindrical block A is made of an alundum 
cement manufactured by the Norton Company. A cement is chosen 
which will withstand the highest desired temperature. These cements 
are mixed with water and molded in any desired shape. After being 
partially baked they can be worked ina lathe. The heating units C 
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and D are also made of this cement with the resistance wire embedded 
in it. The heating resistance is Chromel A wire for salts melting below 
1200°C and platinum wire for salts melting below 1500°C. The ther- 
mocouples are of chromel-alumel. . 


Gross 
= f 
T, B 
2 A 





D .o 


Fic. 1. Heating and crystallizing apparatus. 
TEMPERATURE CONTROL 

In our earlier experiments only an upper heating element was used, 
and air was used to cool the molten salt from below. The air was 
passed through a small inner quartz tube, and out at the bottom of a 
larger quartz tube which was sealed at the top. This tube fitted into 
an iron socket welded to an iron plate upon which the cylindrical block 
rested. The iron plate should provide more uniform cooling. During 
crystallization the current to the heating unit was kept constant, the 
rate of cooling being determined by the amount of air passing through. 
As soon as the entire crystal was below its melting point the air was 
turned off and further cooling was accomplished by lowering the 
current. 

In the later experiments the salt was brought to near its melting 
point by the upper heating unit; then the current was kept constant 
in it and the lower unit turned on. This lowers the temperature gradi- 
ent and raises the temperature enough to melt the salt completely. 
The current in the lower heating unit was then gradually reduced and 
the crystal formed from the bottom up. It was convenient to maintain 
a temperature gradient of some 50° to 100°C during the crystallization 
of the higher melting salts and somewhat less than this for the lower 
melting ones. An appreciable part of the salt was volatilized if the 
temperature gradient was much greater. After the crystal was formed 
the current to the upper heating unit was slowly diminished until room 
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temperature was reached. The crystallizing was usually done in 24 
hours, and the cooling to room temperature in 100 to 120 hours. 


CONTROL OF THE HEATING AND COOLING 
The voltage on the line circuits, either ac or dc, as supplied varies 
by as much as 15% from time to time. This variation in current is 
enough to counteract the effect of the cooling device and made im- 
possible an accurate control of the temperature. The device drawn in 
Fig. 2 was made to give a constant temperature in the furnace but does 
not give a constant current. A current can vary rapidly about a mean 
position without any measureable variation in temperature of the 

furnace because of the high heat capacity of the furnace. 


—— [eo 
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Fic. 2. Device for producing constant temperature. 


The essential parts of the control are the bulb of mercury and the 
two relays B, and B,. The bulb of mercury is heavily insulated and 
kept at a temperature of approximately 100°C, so that changes in room 
temperature will not affect the control appreciably. The heating coils 
around the bulb are connected in parallel with the heating coils in the 
furnace. Two dry cells work the relays through two platinum wires 
which make contact through the mercury. One platinum wire is just 
above the surface of the mercury and the other just below the surface. 

If the current increases both the mercury and the furnace are warmed 
up. The mercury responds very much faster than the furnace, but as 
soon as the mercury warms up it expands and makes contact with the 
platinum wire which works the relay B;. This cuts out the current 
through R; and all of the current goes through the greater resistance 
R, which decreases the current and cools the furnace and the mercury. 
If the mercury is cooled back to its mean position then the mercury 
breaks contact with the one platinum wire, the relay B; is released, and 
the current increases again. 
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If the current decreases then the mercury is cooled, the platinum wire 
that has been dipping in the mercury breaks contact with it, and the 
relay B, is released. When the relay Bz is released the current is 
allowed to go through the circuit C, thus eliminating the resistance Ro, 
so that the current is increased. The current to the mercury bulb and 
to the heating units is controlled by the resistances R,, R; and Rs, and 
measured by the ammeters A,;, A, and A;. One relay could be used, but 
two make the operation much smoother as there are not such large 
changes in the current. This control keeps the temperature within very 
narrow limits and can be refined as much as one desires. 

RESULTS 

The crystals that have been prepared are lithium fluoride, sodium 
chloride, sodium nitrate, and mercuric bromide. These range in melt- 
ing point from 232°C to 870°C. They are of varied crystalline structure; 
sodium nitrate is rhombohedric, mercuric bromide is rhombic, and the 
rest are cubic. On account of the strains introduced by the heavy 
dishes used, the crystals of the last three named salts broke along 
cleavage planes during the cooling process, resulting in single crystals 
varying in size up to about 1 cm on each edge. Lithium fluoride, how- 
ever, was obtained in a thin platinum foil dish as one clear crystal filling 
the entire dish. It was about 1 3/4 inches in diameter and 1 1/2 inches 
from top to bottom. 

The optical properties of these crystals have not yet been determined. 
The transmission of lithium fluoride for extreme ultraviolet light will 
be determined soon. We are now building a furnace to crystallize 
calcium fluoride and other high melting salts. Most of the higher 
melting crystals are harder and would be less likely to break on cooling 
in fairly thin platinum dishes. 

UNIVERSITY OF CALIFORNIA, 


BERKELEY, CALIFORNIA. 
Aucust 25, 1927. 











A LABORATORY CLOCK WITH PHOTOELECTRIC SIGNAL 
CONTROL, WITH AN APPLICATION TO TIMING A 
PENDULUM BY THE METHOD OF COINCIDENCES 


By J. E. Fox, Paut Roop, anp W. G. MARBURGER 


During 1923-25, General Ferrie' and his associates made numerous 
experiments having to do with the signaling of light flashes by means 
of a potassium photoelectric cell. Meridian passages of stars and the 
time of oscillation of pendulums were measured by this means. In 
describing the work, General Ferrie calls attention to the instantaneity 
of response of the cell to light and its consequent advantage, when used 





Fic. 1. The dock with photoelectric control. 


with a tube amplifier, for signaling the time of its illumination. In the 
tests made the accuracy with which light signals were recorded proved 


! Amplification of a Photoelectric Current, Comptes Rendus, 177, p. 847; Amplification 
of a Photoelectric Current with Four Electrode Tubes, idem, 178, p. 1116; Use of Photoelectric 
Cell for the Observation of Time, idem, 180, p. 1145. 
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to be much greater than when the old method of making periodic 
electrical contacts was used. Whereas errors with the contact method 
amounted sometimes to 0.01 sec., variations with the photoelectric 
cell method were less than 0.0001 sec. To obtain this degree of precision 
great care was taken in the adjustment of the apparatus; and no 
change in the storage battery source of power could be made without 
upsetting the adjustment. 























coun 











Fic. 2. Method of illuminating the cell. 


The buying of a new clock for our laboratory gave us the opportunity 
for the development of a photoelectric signaling method making use of 
standard commercial apparatus and supplied with power by the ordi- 
nary 110 volt alternating current. We were not so much interested in 
a high degree of accuracy as we were in the avoidance of moving elec- 
trical contacts and in having a simple and rugged signaling system 
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Fic. 3. Circuit diagram of clock control. 


without batteries as primary power sources. The application to timing 
a pendulum by the method of coincidences seemed quite obvious; 
and the results obtained in this way were better than any we had 
obtained by the usual procedure. 

A slit 1/8” wide and 1}” long was cut in the pendulum of the standard 
clock. In front of the pendulum (see Figs. 1 and 2) in a small wooden 
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box is mounted the photoelectric cell. Each time the pendulum goes 
through its position of rest, light strikes the cell and a 10 milliampere 
change in plate current is produced. This is sufficient to actuate 
the Ghegan relay (relay 1 in Fig. 3). This relay in turn actuates 
the telegraph sounder shown in Fig. 4 and audible signals each second 
are obtained. The sounder used is of the ordinary 20 ohm type with the 
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Fic. 4. Sounder circuit for audible second signals and for indicating “coincidences.” 





front support, holding the contact point A, insulated from the rest of the 
frame. 

To time a pendulum in terms of the standard clock, a circuit, (Fig. 5), 
similar in all respect to that of Fig. 3 with the exception of the position 
of the photoelectric cell, is used. The amplifier used in this unit is 
shown in Fig. 6; the cell and pendulum are illustrated in Fig. 7. 



































Fic. 5. Circuit diagram for pendulum signal control. 


It may be seen that if both pendulums pass through the zero position 
at the same instant the coincidence is signalled by a flash of the 2.5 
volt signal lamp shown in Fig. 4. The time of the coincidence is read 
from the clock through the aid of the sounder which is beating seconds. 
Using the lamp as indicator, only good coincidences need be recorded. 
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A poor coincidence will be indicated by only a weak flash of the lamp. 
Further coincidences are recorded and the periods computed in the 
customary coincidence method for timing a pendulum. 





Fic. 6. The amplifier. 


The results of two independent determinations at differing room 
temperatures are shown below. Only coincidences obtained when both 
pendulums went through the position of rest in the same direction were 
used. 





Fic. 7. Photoelectric cell and pendulum. 


It will be seen that the difference between the periods in these two 
determinations is 0.00015 sec. Of this interval, 0.00009 sec. is to be 
expected due to the lengthening of the steel piano wire of the pendulum 
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TABLE 1 


DETERMINATION 1. 


















































Room temperature 25°C Approximate period 3.74 sec. 
— a $$$ = ta a 
Time of coincidences Interval in sec. No. of vib. Period in sec. 
| \ SS sinensis 
2-19-37 
21-51 134 36 3.722 
26-45 428 115 3.7218 
28-59 562 151 3.7218 
33-53 856 230 3.7217 
36-7 990 266 3.7218 
38-21 1124 302 3.7218 
41-1 1284 345 3.7217 
43-15 1418 381 3.7218 
50-49 1872 503 3.7217 
Average of last 8... ... .3.72175 
DETERMINATION 2 
Room temperature 20°C Approximate period 3.73 sec. 
Time of coincidences Interval in sec. No. of vib. Period in sec. 
2-20-36 
21-2 26 7 3.714 
22-50 134 36 | 3.722 
27-44 428 115 3.7217 
30-24 588 158 3.7215 
32-38 722 194 3.7216 
35-18 882 237 3.7216 
40-12 1176 316 | 3.7215 
42-26 1310 352 3.7216 
44-40 1444 388 | 3.7217 
47-20 1604 | 431 | 3.7216 
Average of last 8. . .3.7216 


through a temperature change of 5 degrees; this leaves an experimental 
error of 0.00006 sec. From these results the true period of the pendulum 
at 20°C may be said to be within the limits indicated by 3.7216 +0.0001 
sec. 

Knowing the period of the pendulum with as small an error as this 
the acceleration due to gravity for any location can be found to prac- 
tically as great a degree of precision as the length of the pendulum can 
be measured. 


The complete apparatus described includes: 
1 clock, with compensated pendulum secured from Otto Young & 
Co., importers, Chicago, II. 
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Type PJ1 General Electric Photoelectric cells. 
UX210 Vacuum tubes 

Type 365 General Radio Transformers 
Raytheon tubes, type BH 

30 MF Mershon electrolytic condensers 
Ghegan relays, 250 ohm 

45 volt B batteries 

7 meg Daven grid leaks 

0.1 meg Daven grid leak 

Bradlystats 

dry cells 

20 ohm telegraph relay 


We wish to acknowledge our indebtedness to the Research Labora- 
tory of the General Electric Company at Schenectady for the loan of 
two photoelectric cells used in our preliminary experiments and for 
other assistance which helped to make this work possible. 
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DEPARTMENT OF PHysIcs, 
WESTERN STATE TEACHERS COLLEGE, 
KALAMAzoo, MICHIGAN, 
Jury 8, 1927. 








TWO DEVICES FACILITATING SPECTROMETRY IN 
THE FAR INFRARED 


By Ricwarp M. BADGER 


1. A Balanced Thermocouple. In spectrometric investigations in 
the infrared two principal difficulties are the extremely small energy 
available in the long waves, and the relatively great intensity of the 
near infrared. This latter is of particular importance in using an 
echlette grating which reflects the short waves with great intensity 
in high orders. The arrangement here described was devised to over- 
come both of these inconveniences. 

If one chooses to use a thermopile as radiation sensitive device, 
practical reasons make the most sensitive form a single junction of the 
minimum possible surface area. This necessitates the use either of very 
short spectrometer slits and a spectrometer of great aperture, or of 
some device for refocussing the slit image, reduced in size,on the thermo- 
junction without any considerable loss of light. This device has been 
employed in several cases. In the far infrared one is of course limited 
to the use of mirrors, which have inconvenient aberrations. It was found 
to be very satisfactory to use a thermocouple with two receivers about 
1.5 mm in vertical dimension and 0.5 mm broad, located one above the 
other and very close together. The image of the emergence slit of the 
spectrometer, reduced about five times in size, is focussed on this pair 
of junctions by means of a concave mirror (a gilded plano-concave 
spectacle lens of —10 diopters), the upper half of the slit focusses on the 
lower junction and vice versa. The aperture of the spectrometer is FS. 
If the mirror just mentioned is made sufficiently large to catch all of the 
light, the reduced image will be diffuse due to aberrations. How this 
difficulty may be partly avoided may be seen by referring to Fig. 1. 
In the spectrometer plan, M represents a narrow vertical mirror which 
diverts the beam onto the emergence slit where an image of the primary . 
slit is formed. ~ This mirror is divided horizontally into two equal parts, 
each of which is slightly tilted from the vertical. The upper part throws 
the portion of the beam passing through the upper half of the slit 
slightly downward, and the lower half similarly diverts the rest of the 
beam upward. Consequently all of the light will fallon a mirror at C which 
is of less aperture than would otherwise be required, and the images on 
the thermojunctions are thereby sharpened. This device is only per- 
mitted by the fact that the mirrors M are very close to the emergence 
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slit. Evidently the linear vertical emergence slit must be replaced by 
two half slits, coinciding at one end but making slight angles with the 
vertical, as shown in B of Fig. 1, which is a representation of the 
thermocouple arrangement and spectrometer slits in perspective. 

For the spectrometer shutter, is used.a very thin piece of glass, a 
plate of rock salt, or some other material which is transparent out to 
about 4u, but opaque to radiations between 30 and 100u. The shutter 
is placed before the primary slit and closes the upper and lower slit 
halves alternately. Now the wavelengths shorter than 30y are cut 























yee 





Fic. 1. A. Plan of spectrometer. B. Thermoelement arrangement in perspective. 


down as much as possible by the use of rough mirrors and soot filters 
and a quartz window at the slit; but since that radiation which does 
get through falls about equally on both thermojunctions, the net effect 
is zero, and even if its intensity fluctuates no galvanometer deflection 
results. By a motion of the shutter, however, the long infrared rays 
may be caused to fall either on the upper or lower thermojunction and 
a double deflection results. 

We have found this arrangement much superior to another means 
of doubling the galvanometer deflection, namely mechanically moving 
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the thermocouple so that the slit image falls first on one and then on the 
other junction. The symmetry of the device described cuts down 
drift due to heating or cooling of the apparatus, and such drifts as are 
observed are usually to be ascribed to thermal potentials in the gal- 
vanometer. 

This device, together with a d’Arsonval galvanometer of sensitivity 
2.4X10-* ampere per mm at 1 meter, has been sucessfully used in 


investigating the absorption spectrum of hydrogen chloride between 
70 and 100..' 
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Fic. 2. A. Section through a part of grating. B. Grating assembled in its frame. 


2. An ideal echlette grating. The writer has experimented with 
several forms of reflecting grating in an attempt to find one which 
will economically utilize the small intensities available in the far 
infrared. A form was first tried which has been employed by Witt.* 
This consists of a silvered glass mirror from which half the silver has 
been removed in equally spaced strips. Unfortunately glass in general 
reflects the far infrared rather well and the contrast between silvered 
and unsilvered glass is not nearly so great as is desirable. 

The most efficient form of grating is of course that known as the 
“echlette.” We have made some attempts at ruling very coarse gratings 


1 Badger, Pro. Nat. Acad. 13, p. 408; 1927. 
? Witt, ZS. f. Phys. 28, p. 236; 1924. 
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of this type in brass, but with only moderate success. For a rather 
coarse grating, however, we have found very convenient and economical 
of light the device described below, which is an “adjustable echlette”’ 
with an ideal groove form. (It has been called to the author’s atten- 
tion that a device similar to the one described was suggested some 
years ago by Professor A. A. Michelson. The difficulties for the case of 
ordinary wave lengths, however, will be obvious.) 

A considerable number of plane parallel glass plates of equal size 
and thickness are stacked face to face and clamped in a massive rec- 
tangular brass frame. In our case 64 plates of dimensions 0.163 X48 
cm were used. The stack of plates is then ground and polished as a whole 
so as to form a massive plane parallel block, of which the plane surfaces 
are made up of the long edges of the individual plates. One of these 
surfaces is then coated with a metallic film by sputtering. 

The clamping screws in the frame are then loosened just enough so 
that the plates will slide when moderate pressure is applied, and the 
stack is then staggered so as to form a stairway. This forms the grating 
surface. To obtain a regular step interval requires some ingenuity and 
patience. The best procedure is to place the frame so that the plate 
edges are vertical, and to push the individual plates from behind un- 
til their edges make contact with a very heavy straight edge which 
is held firmly, making the desired angle with the frame. If the straight 
edge is illuminated from below, by looking downward along the plate 
edges one can tell fairly accurately when contact is made. By adjusting 
the inclination of the straight edge to the frame one can determine the 
depth of each step, or the angle at which the grating will reflect at 
greatest intensity. 

For best results the glass plates should be reasonably plane-parallel. 
It was found, however, that it is not really necessary to have them 
specially ground. Several hundred photographic plates were available, 
and from these twenty-five of most uniform thickness were chosen 
and cut into rectangular pieces of the proper size. From these about 
ten percent were selected as sufficiently perfect to meet the require- 
ments. The grating constructed in this way was used in the investi- 

- gations on hydrogen chloride mentioned above. 
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THE THICKNESS OF SPONTANEOUSLY DEPOSITED 
PHOTOELECTRICALLY ACTIVE RUBIDIUM FILMS, 
MEASURED OPTICALLY 


By Hersert E. Ives anp A. L. JoHNsRUD 


INTRODUCTION 


Previous papers,'? have described the photoelectric properties of the 
thin films of alkali metal which deposit spontaneously in high vacua 
upon surfaces such as polished platinum or (in the case of rubidium) 
on glass. These films, while affecting the gross optical appearance of 
the underlying surface not at all, are nevertheless photoelectrically 
sensitive to the same degree as the alkali metals in bulk. It is a matter 
of considerable interest to determine the thickness of these films. 
In an attempt to do this, observations were made of the sort ordinarily 
resorted to in determining the optical constants of metals. That is, 
plane polarized light polarized at an azimuth of 45° was directed upon 
the metal or glass surface and the reflected light was examined with a 
Babinet compensator in conjunction with a nicol prism in order to 
determine whether the azimuth of the reflected polarized light or its 
phase were shifted by the presence of the alkali metal film. 

The observations were made by first cleaning off the metal or glass 
plate by radiant heat from a filament behind the plate, arranged sub- 
stantially as shown in the tube represented in Fig. 1 of an earlier paper.’ 
Then, either with the filament glowing or very shortly after the heating 
ceased, settings were made upon the clean metal or glass and obser- 
vations were continued over the period of several hours during which 
the film built up, as was shown by simultaneous photoelectric measure- 
ments. 

In the case of the alkali metals deposited upon platinum no change 
in the optical properties was detected for the two cases tried, namely , 
sodium and rubidium. In the case of glass, however, a definite and 
measurable change in the phase shift upon reflection was observed, 
accompanied by a very small but definite change in the azimuth of the 
plane of polarization. In order to interpret these changes, it is necessary 
to find, by calculations from electromagnetic theory, the relationship 

1 “Photoelectric Properties of Thin Films of Alkali Metal,” Ives, Astrophysical J., 60, 
No. 4, November 1924. 


2 “Electrical and Photoelectric Properties of Thin Films of Rubidium on Glass,” Ives and 
Johnsrud, Astrophysical J., 62, p. 309; 1925. 
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between thickness of alkali metal upon the underlying glass base and 
the resultant changes in optical behavior. The theory upon which 
these calculations have been made is given in a paper, by Mr. T. C. 
Fry.* The actual computations demand accurate data for the optical 
constants of the materials in question (rubidium, glass, platinum) 
obtained under the conditions and from the actual samples used. It is 
therefore most convenient to describe the manner of obtaining these 
data, and record the results, before applying the theory to interpret 
the thin film observations. 
TECHNIQUE OF MEASUREMENT 
The apparatus used for determining the optical properties of the 
material under study is shown in Fig. 1. It consists of a collimator and 
PHOTOELECTRIC CELL as | “ba 
a it 
POLARIZING NICOL A? = 
ECOLLIMATOR | \ “4 
> LIGHT FILTER 
QUARTZ—Hg ARC 


J 
4 
. 


. \ “ANALYZING 
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Fic. 1. Apparatus used in studying the optical properties of thin films of rubidium on glass 
and platinum. 

telescope mounted so as to rotate about a vertical axis by amounts 

indicated upon divided circles. The only difference between this instru- 

ment and the ordinary “spectrometer” is that the arms carrying the 

optical parts have been made extra long, to make room for the insertion 


* “Plane Waves of Light,” Fry, to appear in J.0.S.A.&R.S.L., 16, January, 1928. 
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of large photoelectric cells over the prism table. Over the lens of the 
collimator is a nicol prism, set uniformly with its polarizing plane at 
45° to the axis of the instrument. At the eye end of the telescope is a 
Babinet compensator, and a second nicol. 

When monochromatic light reflected from a plane specular surface 
in the axis of the instrument is observed at the eye piece, the field of 
the Babinet compensator is seen traversed by vertical dark bands, whose 
separation corresponds to a phase shift of 360°. By means of a divided 
head the crosshairs of the Babinet compensator may be moved from 
band to band, and the constant of the instrument for the wave length 
used determined, that is, the phase shift equivalent of a scale division.. 
When, upon reflection, the phase of the light is altered the bands 
observed in the field are shifted from their initial position, as fixed by 
observations with the collimator and telescope in line, and the amount 
of their shift in phase is at once derived by moving the crosshairs to the 
shifted band and using the constant as above determined. 

If the nicol located at the eye end of the instrument is rotated, the 
dark bands in the Babinet field vary in intensity. The “analyzer setting” 
is that setting of the analyzing nicol at which the dark bands appear 
blackest. ° 

It is common in determining optical constants to make the measure- 
ments at one particular angle of incidence, namely that at which the 
phase shift is a quarter wave length. This angle, and the analyzer 
setting angle, can be used in a simple approximate formula for obtaining 
the refractive index and extinction coefficient. In the present work it 
was thought desirable to make measurements through the whole range 
of incident angles, in order to check the theory used in computation, 
and in order to obtain more reliable values for the constants. Mono- 
chromatic green light (A5461) from a quartz mercury arc was used 
throughout. 

Measurements on the black glass which served as a backing for the 
rubidium film were obtained, as already described, by warming off the 
rubidium layer. Measurements of platinum were made on an optically 
polished slug in an evacuated bulb. This slug was thoroughly degassed 
by electron bombardment during the evacuation of the bulb, in the 
same way that all the platinum plates used for the previously described 
experiments on thin films had been. For the purpose of determining 
the optical constants of pure rubidium the technique was developed of 
driving upon the black glass plate a heavy layer of rubidium, the 
temperature of the plate being held by the filament behind high enough 
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so that the metal deposited in a smooth specular layer. This was 
a matter of some delicacy but enough attempts met with success to 
permit several consistent series of measurements. These specular 
opaque layers reticulate after a few hours and become useless for 
measurement but remain highly specular for a sufficient length of time 
for our purpose. 
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Fic. 2. Phase shifts at various angles of incidence for glass and different thicknesses of rubidium 
on glass. 


The experimentally obtained values for phase shift of the reflected 
light for glass and rubidium are shown in Fig. 2, the values for analyzer 
setting in Fig. 3. In each case the experimental data are given by the 
crosses and circles, identified by the keys in the legends; the variously 
dotted and dashed lines are computed curves using the constants 
tabulated in Fig. 4, which were picked to yield the best fit to all the 
experimental points.‘ 





‘ The values for the constants of rubidium as here determined differ considerably from 
those obtained by Nathanson (Phys. Rev., 40, 3, p. 231) who made his observations on a 
rubidium-backed glass plate. He gives (interpolating for 45461), n=.14, and mk (our K,) 1.15. 
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THE THIN FILM MEASUREMENTS AND THEIR INTERPRETATION 

Using the glass and rubidium constants as directly determined in the 
cell, computations of the curves to be expected from various thicknesses 
of rubidium film were made, according to the methods developed in 
the article by Mr. Fry already referred to. These are shown, marked 
with the corresponding thicknesses, in Figs. 2 and 3. Together with 
these are shown the observed points for the spontaneously deposited 
thin film after it arrived at its steady state. From these curves it ap- 
pears that the thickness of the photoelectrically active spontaneously 
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Fic. 3. Analyzer settings at various angles of incidence for glass and different thicknesses of 
rubidium on glass. 


deposited rubidium film is approximately 6 X10~-* centimeters. A probable 
figure for the effective diameter of a rubidium atom! in a crystal lattice 
is 4.5x10-*. It thus appears from these measurements and computations 
that the layer of rubidium in question is of the order of magnitude of one 
atom thick. 

This estimate of thickness is made from the Babinet compensator 
measurements. These measurements appear to be the only ones suffi- 


5 See a résumé on “Atomic Dimensions’”’ by Lunnon, Phys. Soc. London, p. 93, Feb. 15, 
1926. 
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ciently definite for drawing conclusions. The analyzer settings shown 
in Fig. 3 indicate changes of azimuth of only 2° to 3° which is in 
accordance with the theoretical prediction but these shifts lie too close 
to the errors of setting to be useful for measuring purposes. 

With these results from the rubidium on glass in hand it is of interest 
to consider the case of the same film on polished platinum. In Figs. 4 
and 5 are shown experimental points and computed curves for pure 
platinum,® pure rubidium and for a rubidium film on platinum of a 
thickness of 10-7 centimeters, that is, nearly twice that found for the 
film on glass. It will be observed that these calculated curves bear 
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Fic. 4. Analyzer settings al various angles of incidence for platinum and rubidium, and for a 
thin film of rubidium on platinum (computed). 


out the experimental result that the effect of such a rubidium film on 
the optical behavior of the platinum surface is so small as to lie within 
the errors of observation. 

It has been shown in previous papers that the photoelectric current 
from the thin films in question is of the same order of magnitude as the 
currents from the bulk material. This has been checked in the present 
experiment by measuring the photoelectric current from the thick 
layer deposited for purposes of securing the optical constants of rubid- 
ium as above described. With light normally incident it was found that 


* The constants chosen for platinum may be compared with those obtained by W. Meier 
(Ann. d. Phys., 3/, p. 1064; 1910). He gives n =2.44 and nk (our K,) 3.44. 





380 IVES AND KOHNSRUD [J.0.S.A. & R.S.L., 15 


the thin film gave a photoelectric current represented by 34 galvan 
ometer scale divisions. While the rubidium layer was molten the photo 
electric current gave a deflection of 47.5 scale divisions and upon 
cooling a deflection of 24 millimeters. Two platinum plate cells gave 
52.5 and 45 millimeters and a cell containing solid rough rubidium gave 
79 millimeters. It thus appears, if the validity of the optical measure- 
ments of thickness is conceded, that the complete photoelectric emission 
is obtained when a layer of rubidium of approximately one atom in 
thickness is present. 
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Fic. 5. Phase shifts at various angles of incidence for glass, platinum, and rubidium, and for a 
thin film of rubidium on platinum (computed). 


It is in order at this point to call attention to the fact that the theory 
used to derive the thickness of the film is a theory developed by assum- 
ing the medium to be a continuous one. It is not clear, nor do we know 
of any proof, that the theory may be relied on to give accurate results 
when the film is only a few atoms, or a single atom in thickness. That 
the observed thin film points fall on a curve of the same shape as the 
computed curves is evidence for the validity of the theory, but it is 
quite conceivable that while the shapes of these curves are accurately 
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given they may be considerably off in their positions as the thickness 
of the film approaches atomic dimensions. There is consequently no 
guarantee that the experimental points do not actually correspond to a 
thickness of say five or even ten atomic diameters. The real point at 
issue is however not seriously affected: a film so thin as to be detectable 
only by one of the most sensitive of optical tests is responsible for the com- 
plete photoelectric emission. 

The extreme tenuity of the layer responsible for photoelectric 
emission offers a possible answer to what has been a long standing ques- 
tion in regard to “selective” and “normal” photoelectric emission. The 
question in brief is: why does the emission, under certain circumstances, 
differ, for light polarized in and perpendicular to the plane of incidence, 
by a factor many times greater than the ratio of the optically measured 
absorptions? In the light of the experiments here described, it appears 
possible that the intrinsic absorption of the extreme surface layer may 
differ, for light polarized in the two planes, by a very large factor, but 
that the total optical absorption, which is due to a relatively consider- 
able depth of material, may not exhibit this difference. A definite orien- 
tation of surface atoms, overlying atoms randomly disposed, could 
result in behavior of this sort. In any event, whatever the cause of the 


high “selective” to “normal” emission ratio, it is clear, from the subject 
matter of this paper, that any close correlation of bulk optical proper- 
ties with photoelectric properties is not necessarily to be expected. 


BELL TELEPHONE LABORATORIES, INCORPORATED, 
New York, N. Y., Aucust 19, 1927. 
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History ofthe Incandescent Lamp. By John W. Howelland Henr 
Schroeder. 208 pages. 120 illustrations. The Maqua Company, Sche 
nectady, N. Y., 1927. 

This book is a readable account of the development of Edison’s grea‘ 
invention of a practical incandescent lamp, in 1878. It also describes the 
attention that was given to electric lighting prior to this invention. As 
the authors point out, the Edison lamp is the foundation stone upon which 
the great electric light and power industry of today has been built; but 
constant physical and chemical research was carried on over a long time 
before definite manufacturing operations were settled upon. This experi 
mental work and its results are presented concisely and interestingly by 
the authors in their chapters on filaments, the vacuum, “getters” and the 
gas-filled lamp, leading-in wire developments, glass construction, the base, 
and photometry. It is shown that the incandescent electric lamp is re- 
sponsible for the great development that has taken place in the art of 
photometry since 1880. 

The book gives us a clear and instructive description of the activities 
of the scientists and engineers who have in one way or another influenced 
the development of incandescent lamp knowledge and manufacture; but 
the authors have not gone into detail on any particular phases of the sub- 
ject, because this was impossible in a volume of such small size. The 
treatise will be of value to students of the history of technology and also 
to students of physics and electrical engineering, principally to impart an 
appreciation of the role that science has played in creating an important 
industry as well as to act as a stimulus to productive research effort. 


W. A. Hamor 
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Bacteriological Microscope FFS-8 























plus 


RACK and PINION SUBSTAGE 


Microscope FFS-8 is now equipped 
with a new substage actuated by a 
rack and pinion adjustment. This 
substage combines greater stability 
with increased accuracy in focusing. 
An extended range of movement al- 
lows the field lens of the condenser 
to be used alone to illuminate the 
field of the 16 mm objective. The 
Abbe condenser is specially con- 
structed so that the top lens may be 
quickly removed for this purpose. 


The price of Model FFS-8 


remains as before 


$ 120-9° 








A Product 
of America’s 
Leading Optical 
Institution 
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Five reasons for the popularity of III—Standardized Objective Mount- 

Microscope FFS-8 are found in its five ings (exclusive B & L feature) in- 

distinctive features. sure correct centering and parfocal 

conditions at all times. 

I—Tube length is fixed at the Standard, 
160 mm. The objectives function 
most efficiently at this exact dis- 
tance from the eyepiece. 


IV—Rack and Pinion Substage is an 
improved device for controlling il- 
lumination of the object. It holds 
a condenser and an iris diaphragm. 


II—Micrometer Reading Drum, gradu- V—Abbe Condenser, 1.20 N.A., is di- 


ated to read 2.5 microns of vertical visible. Removal of the top lens 
movement, controls the side fine illuminates large area evenly for 
adjustment. low power work, 


BAUSCH & LOMB OPTICAL COMPANY 


665 St. Paul Street, Rochester, N. Y. 
New York Chicago London Frankfurt Boston San Francisco 
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The making of this 
intricate, exact glass- 
ware is entrusted to 
none but experts 











In every field 
of chemical endeavor ¢ # 
this trade-mark is the recognized standard 


at 





XPERIENCED chemists all over 
the world specify *PYREX lab- 
oratory glassware. They know 
that back of the PYREX trade- 





mark stand years of research, ttn 
highly specialized experience, carefully 4 YY 
trained craftsmen, and rigid inspection. 
They know that each piece of PYREX ae 
equipment is uniformly dependable—and 
durable to the highest possible degree. ee 
PYREX desig- 
CORNING GLASS WORKS —- ¢ Sa 
Laboratory Glassware Division, Corning, New York Works. It is sy- 
New York Office: 501 Fifth Avenue peqrmece 
Largest Maker: of Technical Glassware in the World materials and 
workmanship. 


*Trade-mark Reg. U.S. Pat. Off. 
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ce Again WESTON points the way 
with these new A. C. panel models 


THIS LITTLE POINTER symbolizes the thousands of precise 
parts used in the construction of the complete line of Weston instru- 
ments—the most trustworthy guides to electrical equipment control 
known to science. 

Also all forms of mechanical and electrical power now visualize their 


efficiency for you, in whatever units you desire, through the agency of 
“Westons.” 





Of wide scientific and industrial application are the small panel A.C. Volt- 
meters, Ammeters and Milliammeters—Model 476, 34,” diameter; and Model 
517, 2” diameter—shown in the illustration. 


They are made with exceptionally high internal resistance, giving low 
power consumption, and are excellently damped. The same high quality of 
materials and workmanship as in larger models and the same accurate 
Weston service on any commercial frequency. 


Their unusual characteristics, matched appearance with the D.C. and 
Thermocouple models, and space economy will appeal to you when in the 
market for small A.C. panel instruments. 


WESTON ELECTRICAL INSTRUMENT CORPORATION 


175 WESTON AVE. 
NEWARK 
NEW JERSEY 
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Announcing the New Gaertner Line of 
OBSERVATION TELESCOPES on IMPROVED MOUNTING 


Portable or Stationary Types in sizes from 3 to 8 inch aperture 





6 Inch Observation Telescope 


TuHese TELESCopEs are specially designed for use in Educational Institutions, Hotels and 
Summer Residences and are equally well suited for astronomical and terrestrial observations. 

The optical parts as well as the mechanical workmanship of these instruments are of the highest 
quality. Special care has been taken in the design and construction so as to obtain the utmost rigidity, 
convenience in handling and accuracy of motion. Attention is called to the construction of the horizontal 
axis which is of the fe. conical type, made of hardened steel and fully protected. The tripod is of 
the collapsible type constructed of seamless steel tubing and rigid as an iron pillar. 

n the construction of the different parts of the instrument the most suitable materials have been 
selected and no efforts have been spared in obtaining a very beautiful and durable finish throughout. 

he usual equipment supplied with these telescopes consists of: Finder of proportionate size (not visi- 
ble in illustration)—Set of Eyepieces of Variable Powers (Huygenian Type)—Polarizing Solar Prism 
Adapter for Sun Observation—Diagonal Prism Adapter for Observation near the Zenith—Triple Re- 
volving Adapter for holding different eyepieces—Erecting Prism Adapter for Terrestrial Observations—Dew 
Cap for the Objective and Carrying Case for Telescope and Accessories. 





Further Information on Application 


“We 
GAERTNER SCIENTIFIC CORPORATION 


SUCCESSOR TO WM GAERTNER 4 CO. 


reece ——— 
ESTABLISHED 1696 <Go INCORPORATED 19223 
meus oer 


1201 WRIGHTWOOD AVENUE, CHICAGO 
Our catalogs listing High Grade Scientific Instruments sent on request 
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To Assist You in Research 


The following materials, instruments, and devices 
perfected in the G-E Research Laboratories are offered 
to industrial and other laboratories engaged in 
scientific study and experiment. 


Langmuir Condensation Pump—Pressures lower 
than 10° bars have been produced with this pump. 
The lower limit of pressure depends upon the tem- 
perature of the mercury trap. 


McLeod Vacuum Gauge—aAccurately measures 
vacua from 200 microns to 4% micron. The scale is 
marked directly in microns to dispense with math- 
ematical calculations. 


Ionization Gauge—This gauge determines pressures 
as low as 10° bars. It operates on the principle that 
the positive ionization produced by a given stream of 
electrons varies with the gas pressure. 


X-ray Diffraction Apparatus—This apparatus deter- 
mines simultaneously the characteristic x-ray 
diffraction patterns of 12 different powdered crystals. 


Boroflux—A deoxidizer used in the casting of 


mechanically sound copper castings of high electrical 
conductivity. 


Kenotron Tubes—The K-100-1000 withstands a 
maximum inverse voltage (instantaneous value) of 
100,000 volts, produces a rectified current of 0.25 
amp. (d-c. value), and consumes, in its filament cir- 
cuit, 288 watts at 9 volts. The K-20-400 withstands 
20,000 volts, produces 0.1 amp., and consumes 96 
watts at 12 volts. Other sizes are available. 


General Electric is glad to assist investigators 
with special problems the solution of which 
may be facilitated by knowledge of the above 
equipment. To avail yourself of this service, 
address Special Products Department. 


GENERAL ELECTRIC 


GENERAL ELECTRIC COMPANY, SCHENECTADY, N. Y., SALES OFFICES IN PRINCIPAL CITIES 
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TRANSPARENT VITREOSIL 


(Fused Pure Quartz) 
for OPTICAL USES 





The above illustration shows a pair of penta prism blanks which 
can be supplied at a cost remarkably low, considering the de- 
cided advantages which vitreosil possesses over glass in being 
free from temperature distortion because of its extremely low 
coefficient of expansion (.00000054 per degree C). 


Other properties of transparent vitreosil such as its ability-to 
transmit ultra-violet light, infra-red rays and the intermediate 
spectrum, resistance to corrosive liquids and gases, as well as to 
withstand high and abrupt changes of temperatures, have made 
it particularly suited for the following and kindred applications. 


Vacuum-Tight Seals for Electrical Fused Quartz Equipment 
Details for Interferometer Expansion Apparatus 


Plate for Ultra-Violet Light Transmission 
Apparatus for Photo-Chemical Reactions 
Lenses for Optical Systems 


Quotations cheerfully given on equipment suited 


THE THERMALSSYNDICATE LTD. 


Photo-Electric Cells 
Spectrum Tubes 
Liquid Cells 

Applicators 


Etc. 


to your particular needs 


1728 Atlantic Avenue, Brooklyn, New York 
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G-66-D 





The New 


Students’ Potentiometer 
With Two Ranges 





he lower range, 0 to 16 millivolts, is suitable for in- 

struction in the measurement of temperature with a 
thermocouple. The higher range, 0 to 1.6 volts, is for gen- 
eral purposes. 

The instrument is ruggedly built, with easily-traced 
circuits. Its accuracy interests students. In design, it 
follows the Standard Type K Potentiometer, so that work 
with this instrument is excellent training for later use of 
the Type K. 

The Physics Department uses Students’ Potentiometers 
for most potential measurements made by undergraduates. 

The Electrical Engineering Department uses Students’ 
Potentiometers for calibrating instruments. 

The Chemistry Department uses Students’ Potentiom- 
eters for pH and electrolytic conductivity measurements. 

The Mechanical and Metallurgical Engineering De- 
partment uses the lower of the two ranges of Students’ 
Potentiometers for teaching the principles of potentiom- 
eter pyrometry. 

Specifications: Two ranges, 0 to 1.6 volts and 0 to 16 
millivolts. 15 coils 10 ohms each and slide-wire having a 
resistance of 10 ohms; slide-wire has 100 divisions. Guar- 
anteed accuracy of coil adjustment, 0.04 per cent; of slide- 
wire calibration, 0.5 division. Separate connections to the 
slide-wire, and end-coils which may be cut out of circuit. 
Potentiometer current required, 0.01 ampere. Grained 
bakelite top-plate. Polished mahogany case with cover. 







Send for Bulletin 765-J 


LEEOS & NORTHRUP COMPANY 
490) STENTON AVENUE, PHILADELPHIA 


LEEDS & NORTHRUP | 
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LUBRISEAL 


REGISTERED TRADE MARK 


IMPROVED FORMULA 


LUBRISEAL (Registered Trade Mark), Improved Formula. A pro- 
prietary lubricating and sealing medium of improved formula, entirely 
rust-proof and nearly acid and alkali-proof. 

Recommended as a lubricant for glass or metal stopcocks and for seal- 
ing desiccators, anaerobic jars and similar utensils. Melting point, ap- 
proximately 40°C. (104°F.). In collapsible tube containing 25 grams. 


Per tube containing 25 grams 


pp See een ed Jan a as eae eae $0.50 
RR WOON a6 da cee de lene hl ws he cae vider ete es tiverieaviasere Wufxo 


10% disc “ount in carton containing 12 tubes 
20% “case “ 


144 “ 


COMMENTS FROM USERS OF LUBRISEAL 


From a scientist on the staff of the Rockefeller Institute: ; e 
“Superior to other types of grease and satisfactory as a seal for anaerobic cultures. 
From a Consulting Engineer: t 
“A satisfactory seal for vacuum desiccators.” 
From a prominent Steel Chemist: 
“Superior as a stopcock grease.” 
From another prominent Steel Chemist: 


“A superior quality of greater homogeneity and consequently a very good grease for stopcock 
and desiccator.” 


From a Consulting Chemist: _ 
“Results are most gratifying. A great improvement over your former product.” 
From a firm of Consulting Chemists: 
“Superior to anything we have had heretofore.” 
From a prominent Oil Chemist: 


“You have greatly improved Lubriseal. It is particularly suitable as it holds its body at high 
temperatures.” 


From the Chief Chemist of an iron works: 
“A most satisfactory lubricant.” 


From the Metallurgist of an iron works: 


“Three months’ service from one application of Lubriseal to desiccators and to the stopcocks 
of burettes containing Iodine, Nitric Acid and Caustic Soda is certainly fine. I have also used 
it on bottle stoppers and find it relieves the cause of ‘frozen’ stoppers.” 


Sole Distributors 


ARTHUR H. THOMAS COMPANY 


RETAIL —WHOLESALE—EXPORT 


LABORATORY APPARATUS AND REAGENTS 
WEST WASHINGTON SQUARE PHILADELPHIA, U. 8. A. 


CABLE ADDRESS “BALANCE,” PHILADELPHIA 
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ARCOURT 


Chemicals & Reagents | 


Cree 


TOERNCOULPOTUEOEOPODOTIEST RTT OO DED ER INET 
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Copresaly for 
Educational Laboratories 


In school laboratories performance standards are rigid, high ac- 
curacy is the keynote, and positive results the acknowledged goal. 
All avenues of possible failure must be barred—every precaution 
taken which will insure results capable of inspiring student con- 
fidence in the efficacy of experimental science. 














Many long demonstrations difficult 
to repeat are in danger of failure be- 
cause of some slight impurity in a 
reagent. Harcourt technical grade 
chemicals are the best obtainable. 
They are packaged in three conven- 
ient sizes. The attractive new Har- 
court label is rapidly winning rec- 
ognition as a symbol of the ideal re- 
agent for school laboratory use. Ask 
for Convenient Ordering List CMJ. 


LEKNOTT APPARATUS COMPANY 


79 Amherst Street: Cambridge Massachusetts 
“Branch~ 70 Fitth Avenue New York, 





CHarcourt 


Laboratory 
Equipment 
STANDARD for EDUCATION SINCE 1895 
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Ash the Man 



































100 times 


who Grinds em 


EITHER circumstances nor luck has made Wellsworth 
emeries so popular with the grinder. An abrasive of uniform 
grading, entirely free from grit, which cuts fast, breaks down 

easily and yet retains its superior cutting qualities. Wellsworth 
emeries mull up longer on the grinding lap and produce that fine, 
black lustrous surface so welcome to the grinder who knows that 
the final polish will come quickly. 


Furnished in several grades as follows: 
M-301 for roughing 
M-302 for smoothing 
M-303 for finishing 
M-302% a finishing emery a little coarser than M-303 


M-303% an emery finer than M-303 used by makers of 
optical instruments 


We are glad to furnish samples; inquire at the nearest Wellsworth 
Branch. Finer grades made upon special request. 


American Optical Company 


Factories at Southbridge. Cambridge and Worcester, Massachusetts 
Branch Offices and Re Shops in 142 Principal Cities 
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Centralized Control 





The “‘nerve center” of process 
industry management 


In the major process industries the advantages of cen- 
tralized control, through the grouping of instruments for 
checking the operation of vital processes, are well estab- 
lished. Brown indicating, recording, signalling, and au- 
tomatic control pyrometers, thermometers, flow meters, 
pressure gauges, tachometers and CO2 meters afford a 
diversified service invaluable to business men interested 
in obtaining better results and greater economy from the 
production processes operated in their respective plants. 
The Brown Instrument Co., 4421 Wayne Avenue, Phila- 
delphia, Pa. Offices in 18 Principal Cities. 


Brown Instruments 
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Western Electric 
No. 4-A 


Audiometer 








~ oP 


This Audiometer measures acuity of hearing quickly and accurately. 
It is particularly adapted for school and industrial use. 


Essentially the instrument is a phonograph to which telephonic apparatus 
has been added so the sounds produced in the phonograph can be trans- 
mitted to the ears of those under examination. 


From one to forty persons can be tested simultaneously according to 
a standard measurement which is the same for all and is also unvary- 
ing when tests are made at different times. With this Audiometer the 
errors possible when a hasty whisper or watch tick test is used are 
avoided. 


The No. 4A is as simple to operate as a phonograph and is equally 
rugged and free from complicated adjustment. No batteries or other 
outside sources of electrical energy are needed. The necessary electrical 
energy is developed in the magnetic reproducer which takes the place 
of the acoustic reproducer usually used in phonographs. 


Write for a copy of descriptive bulletin T-791-A 
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ELECTRIC COMPANY 
Succsssoa To western Electric SUPPLY OLPART MENT 
Scientific Equipment Division 

30 North Michigan Boulevard, Chicago, III. 
420 Lexington Avenue - New York, N. Y. 
1700 Walnut Street - - Philadelphia, Pa. 
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Type “B” String Galvanometer 


Einthoven String Galvanometer 


oe WELL KNOWN instrument possesses the advantages of extreme 

sensitivity, short period and negligible self-induction or capacity. It 

| is largely used for physical and physiological investigations. Several 
types are furnished. 


TYPE “A” incorporates the reatest TYPE “C” is conspicuous for its small 
sensitivity obtainable in this type galvanom- size and weight. The string suspension is 
eter with proportionality of string deflec- interchangeable. The stray field set up 
tions over wide range. String length 13 by this galvanometer is extremely small. 


cm.—weight 200 Ibs. String length 6 cm.—weight 10 Ibs. 

TYPE “B” has a readily interchange- Salomonson Type—this instrument pro- 
able suspension which makes possible quick vides an interchangeable suspension with 
replacement of strings of different charac- two low resistance metal strings. It has 
teristics. String length 7 cm.—weight 45 relatively low current sensitivity and ex- 
Ibs. tremely short period. 


The following accessories used with String Galvanometers can be furnished— 
Incandescent, Pointolite and Automatic Arc Lamp Sources; Photographic 
Recorders to take 4.5 cm., 6 cm., or 12 cm. bromide paper or films, Tuning 
Fork-driven Synchronous Time Markers and Standardizing Resistance Boxes 
for calibrating galvanometer deflections. 








Full particulars furnished on request 


a2 CAMBRIDGE 


eo INSTRUMENT CO we 


D. C. Special 
Electrical — Q5SINING-ON-HUDSON tastruments 
Instruments 
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FISHER BURNER 
handy anywhere 


Used in many shops for the rapid 
heating of soldering-irons, the glue- 
pot, the lead-pot, stamping devices, 


¢ 1 Geto af 


bearing metal, etc. 


HE USE of the Fisher 

High Temperature Bur- 
ner is by no means limited 
to laboratories. In shop 
practice, where heat is re- 
quired, this burner has 
proved to be a real con- 
venience. 


A Fisher Burner on the 
radio work table is always 
an added convenience for 
the experimenter. The 
soldering-iron when ex- 
posed for a few seconds to 
the Fisher flame emerges 
perfectly clean. The con- 
stant wiping of the iron is 
avoided. 


One large manufacturer of 
electrical goods has in- 
stalled these burners on all 
work benches where sol- 
dering is done. 


For permanent installation 
the Utility model (FSCo 
3-905) is recommended. It 
has a nipple which con- 
nects directly to the gas 
pipe. 


$2.00 each 


FISHE 








Advantages 
of the new 
Fisher Burner 


1. 


Hot Flame 


Flame is short and wide; 
no cold cone; entire flame 
available for intensive 
heating. Coldest part of 

me is hotter than the 
tip of the Bunsen flame. 


2. 
Efficient 
In tests, Fisher Burner 
brought water to boil 
25% quicker and used 
37% less gas than the 
ordinary urner. For 
operations requiring high- 
er temperatures, saving in 
time and gas was greater. 


3. 
Safe 
Back-flashing is prevented 
by a nickel grid contain- 
ing 100 openings. Leaks 
are eliminated by gas- 
tight features. 


4. 
Non-Rusting 


No iron or steel is used 
in this burner. Made 
throughout of bras 

nickel and nickel-alloy 

white casting metal. 


5. 
Inexpensive 
Price is about half that 
of other high-temperature 
burners, none of which 
contains the features of 

this burner. 


SCIENTIFIC 
COMPANY 


Laboratory Apparatus and Reagents for Chemistry, Metallurgy, Biology 


PITTSBURGH, PA. 


IN CANADA, FISHER SCIENTIFIC CO. LTD., 472 MCGILL ST., MONTREAL 
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Wysor Combined Polishing and 
Grinding Apparatus 


To prepare Metallurgical Specimens 
for Microscopical Examinations 


This machine accomplishes 
all that is required’ in 
rough-grinding the speci- 
men and imparting to it the 
highest polish. Grinding 
wheels are of carborundum, 
polishing discs of brass 
with cloth coverings, drive 
by friction wheels so that 
speed can be accurately 
regulated. 


ADVANTAGES 
Economy in Original Cost 
and Operation 
Durability Under Hard 
Usage 
Adaptability for Various 
25960 Requirements 


25960. Wysor Machine as per cut 


25962. Ditto, mounted on cast iron base, with % h.p. motor, for . 
ee isis es whines eked taeeibaunseonoesaneeee ewe $122.50 


In ordering machines with motors, give full details of current. 


25970. Wysor Machine, large size, similar to No. 25960, but with 
3 vertical spindles 6% in. diameter. Including 3 grind- 
ing discs and 3 discs with set of 5 cloths for polish- 
ing; requires 1% h.p. motor 
Further details in regard to above machines or 
other forms of laboratory apparatus, on request. 


EIMER & AMEND 


Est. 1851 33 Inc. 1897 
Headquarters for Laboratory Apparatus and Chemical Reagents 


NEW YORK, N. Y. 
Third Ave., 18th to 19th Sts. 
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No. F6997 


$40.00 


Many Institutions Have Commented Favorably 
Regarding Their Experience with the 


CENCO GRATING SPECTROSCOPE 


With Wave Length Scale 
Employing Wallace Replica Grating 


SPECIAL FEATURES 


No dark room necessary. 


2—May be used either with spectrum tubes, 


3 


4 


5- 


6 


- 


/ 


8 


monochromatic burners or arcs. 


-Easy to manipulate since scale and eye- 


piece are fixed. 


—Scale graduated in cm. x 10-* enables direct 


readings to be made. 


always in view of observer. 


| 
Entire spectral range (3.8 to 8 x 10-5 cm.) 


—Open scale 18 cm. long and distinct gradu- 
ations enable readings to be made easily. 


Adjustable slit for different kinds of il- 


lumination. 


Adjustable illuminator for scale. 


SUGGESTED USES 


1—Spectroscope for Chemical Laboratories. 

Advantage—Position of lines read directly im 
>m. x 10-5 and hence identification of substances 
by flame spectra facilitated. 


2—Demonstration Wave Length Spectrometer 
of Grating Type. 

Advantage—Illustrates to students historical 
method of absolute wave length measurement 
originated by Fraunhofer and employed for 
mapping solar spectrum until invention of in- 
terferometer. 


3—Measurements of Wave Length of Light by 
Students. 

Advantages—No dark room necessary. Ease 
of reading enables a number of determinations 
to be made in one laboratory with accuracy to 
three significant figures in cm. 


4—Absorption Band Studies. 

Advantages—Liquid can be placed in nar- 
row tube easily held before slit by clips. Loca- 
tion of absorption band read directly on wave 
length scale. 





CENTRAL Scuswrire Company 
Anguarory (HO QUEELPS 


Chicago USA. 


460 E.Ohio St. 
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| Si 
Photometry 
Spectroscopy 
Sensitometry 
Cinematography 
Photomicrography 
Tri-color Photography 





either in gelatin sheets or cemented 





| ters for special purposes, and to 


Send for List No. 17 





Research Laboratories 















Wratten Light Filters 


Orthochromatic Photography 


There are over 100 different Wratten Light 
Filters now available, which can be obtained 


in optical 


glass. We are always glad to recommend fil- 


place the 


knowledge and resources of our laboratories 


as far as possible at the service of investigators. 


Over 2300 Fine Organic Chemicals in Stock 


Eastman Kodak Company 


Rochester, N. Y. 
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Made in Philadelphia—“the World’s Workshop.” 





Princo 
Standard 
Mercurial Barometers 


Fortin Principle 








For ten years we have been suc- | 
cessfully shipping Princo Stand- 
ard Mercurial Barometers prac- 
tically all over the world. This 
is recognized as an achievement 
in Barometer making. 





Precision Thermometer & Instrument Co. 


1434-36-38 Brandywine St. 
PHILADELPHIA 
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Your Technical Glassware Problems 


Are covered thoroughly in these 
Five Circulars 


The information contained therein is practical 
and of everyday value to those engaged in or- 
ganized laboratory work. 























Any or all of these illustrated and descriptive 
price lists will be sent upon request to those 
interested. 


pe Glass Company 
VINELAND.N.J. CHICAGO,ILL. New YorK.N-Y. 
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COORS 
U.S.A. 








CHEMICAL 
AND SCIENTIFIC 
PORCELAIN 


COORS PORCELAIN COMPANY 


GOLDEN, COLORADO 
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Thin-Skinned 


Few things that are thin-skinned are tough. But 
CHROMEL is an exceptiun. 

When CHROMEL is heated, it forms a thin skin 
of oxide that serves as a protective coating, against 
further oxidation. It is very dense, practically air- 
tight, and clings tenaciously to the metal, virtually 
keeping out the oxygen. 

Thus, heating elements of CHROMEL are very 
durable. And these facts explain why CHROMEL 
is the back-bone of the electric heating industry. 


Send for Catalogue EO 


HOSKINS MANUFACTURING COMPANY 
4430 Lawton Avenue, DETROIT 























A NECESSITY IN THE 

MODERN LABORATORY 

The Ajax-Northrup high frequency induction 
electric furnace is ideal for the laboratory 
because of its speed of melting (2900° C. in 
three minutes), clean comfortable working 
conditions and accurate temperature control. 
It has been used for the study of the proper- 
ties of molten high fusion glass such as Pyrex. 


AJAX ELECTROTHERMIC 
CORPORATION 


Ajax Park, Trenton, N. J. 
» G. H. CLAMER, Pres. E. F. NORTHRUP, V. P. & Tech. Adviser 











46 y r of Efficient Service Has Made Us One of the Leading Houses in the 
ears Manufacture and Distribution of Laboratory Apparatus. 


The Name GREINER Stands for Quality and Accuracy. Our Technical Service 
is Always at Your Disposal. Let Us Help You Solve Your Problems. 


THE EMiIL GREINER COMPANY 
Gag) Chemical Glassware, Laboratory Supplies and Chemicals Ca) 
55 VANDAM ST., NEW YORK, N. Y.. 
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JOURNAL of SCIENTIFIC INSTRUMENTS 


Published monthly on the 1Sth day of each month. 





+ 


Produced in London by the Institute of Physics, with the co-operation of the 
National Physical Laboratory. 








Price: Single copies 2s. 6d. Annual subscription £1.10.0d., including postage. 
Send subscriptions to the Cambridge University Press, Fetter 
Lane, London, E.C, 4, England. 











CONTENTS OF OCTOBER ISSUE, VOL, IV, NO. 13. 


The Measurement of the Polarization Capacity of Platinum Plates in Sulphuric ait, By W. T. Heys. 
Measurement of Very Fine Quartz Suspension Fibres. By G. A. Tomlinson and H. Barrell. 
A Note = the Use of the Compton Electrometer for Measuring Charge. By E. G. Cox and G. C. 
Grindley. 
A ngpentry Jpocmene for Illustrating Names and Notation for Connexions between Dials. By 
J. lliott 
New Meliaicammne 
The Cox Selenium Magnifier. 
The Pendulum Hardness Tester. 
Electrical Distance Thermometers and Pyrometers. 
Laboratory and Workshop Notes: 
Locking Screwed Members. By The Taylor-Hobson Research Laboratory. 
A Method of Obtaining Monochromatic Light. By J. Dickson Hannah. 
La Vérification des Prismes 4 Toit. Par A. Biot. 
Reviews. 
Catalogues. 
Scientific Instruments at the British Industries Fair. 























Volume IV. commenced in October, 1926. This volume only will contain 15 parts and the 
annual su rte 4 is £1.17.6d. Vols. I, II, and III can be obtained complete, bound in cloth, 
for £1.15.0d. each 
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tel Becbro 





Laboratory 
Rheostats 


The above illustration (Screw Drive Control) for fine adjustments, shows one of the numerous 
types of BECBRO tubular, slide contact, rheostats manufactured and carried in stock by us. 


The various types are made in several lengths of 8”, 16”, and 20” respectively, with resistance 
values of from 0.25 ohms and 25 amperes, to 30,000 ohms and current capacity of 0.1 ampere. 


BECBRO rheostats are high in quality and low in price, and due to the fact that they are 
giving excellent service, they will be found in many of the Colle es, Universities, Research Labora- 
tories, and Commercial Stations throughout the country and wor 


BECBRO Stone Rheostats are made in the following epuess single, double, universal and 
crossed sections, These rheostats find their many uses in high frequency and radio work. 


Also BECBRO Carbon Compression Rheostats of various capacities are carried in stock. 
Our Catalogue O-20 Sent You Upon Request 


BECK BROTHERS 
MAKERS AND DEALERS 
3640-42 North 2nd Street Philadelphia, Pa. 
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Baker Wollaston Wires 
Are Strong and Uniform 


UR WOLLASTON WIRES exhibit maximum strength, uni- 

formity of diameter and have a good smooth surface. We 
usually ship them in the jacket which is to be renroved by the user. 
Full details for doing this are sent with each order. 


We have in stock: Au Wollaston Wire .0005”, .0004”, .0003”, .0002”, 
0001”, .00005”, .00002”, .00001”, Pt .0005”, .0004”, .0003”, .0002”, 
0001”, .00005” (and somewhat smaller if required only in very short 
lengths). Ag, Al, Pd, 60Au 40Pt and 90Pt 10Rh .0005”, .0004”, 
0003”, .0002” and .0001”. 


We make wires, too, by the Taylor Process, by Extrusion and 
Bare Drawing. Whenever you need fine wires in unusual sizes or 
of unusual materials, write to us. It is very likely we can give you 
what you want. 








BAKER & CO., INC. 
54 Austin Street, NEWARK, N. J. 
New York Chicago San Francisco 





























HARDNESS testing 
in experimental work brings 
up problems of adapting ma- 
chines to a wide variety of 
sizes, shapes, surfaces and 
other incidental character- 
istics. Inasmuch as the 


ROCKWELL TESTER 


The Rockwell Hardness Tester jg adaptable toa wider Vari- 
ety of those various properties, it lends itself 
remarkably to use in the experimental laboratory. 


WILSON-MAEULEN COMPANY [NC 


We make the ‘‘Rockwell’”’ 736 East 143rd St., New York 
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Jagabi'Laboratory Rheostats 


Standardized in 57 different ratings 


There are three sizes of the tube rheostats with length of 8”, 16” and 20’, 
respectively, which are wound with various sizes of resistance wire or strip. 
Resistance values may be had as high as 30,000 ohms, with current capacity 
of 0.1 amperes; and as low as 0.34 ohms with current capacity of 25 amperes. 


Also we supply “single,” “vertical,” “double,” “universal” and “Dodge” de- 
sign Rheostats, as well as Non-Inductive Rheostats for high frequency work 
and Compression Carbon Rheostats for regulating high currents. 


A new 
design of Screw-driven Rheostat is now available. 





Write for a copy of Catalog 1140-O from which you 
can select a Jagabi Rheostat for every Laboratory need. 


JAMES G. BIDDLE 
Electrical and Scientific Instruments 
1211-13 ARCH STREET, PHILADELPHIA 








Decade Condenser 


Type 219F 





A variable condenser on the con- 


venient dial decade principle. 


No dials or open switches—As con- 


venient as a G.R. bridge or decade 
resistance. 


Bulletin 108E 


Manufactured by 


GENERAL RADIO COMPANY 


Manufacturers of Electrical and Radio Laboratory Apparatus 
for Over a Decade 


30 STATE STREET CAMBRIDGE, MASS. 
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THE EPPLEY STANDARD CELL 


A Precision Standard of Highest Accuracy 


An unsaturated cadmium standard cell (Weston 
Type) accurate to 0.02% with a negligible tempera- 


ture coefficient, mounted in moulded case. 


Catalog No, 100 as illustrated, with 
Eppley Laboratory Certificate 
$15.00 net. 

F.O.B. Newport, R. I. 





Write for bulletin, “Standards of Electromotive Force” 


THE EPPLEY LABORATORY 
NEWPORT, R. I. 
U.S. A. 








Foxboro 


Instruments 


Foxboro builds instruments for indi- 
cating recording and controlling tem- 
perature, pressure, humidity, and 
flow. 


Each Instrument is accurate to within 
less than 1 per cent of total scale 

Foxboro Automatic range and is guaranteed to be per- 
manent in calibration. 


THE FOXBORO CO., Inc. 
Neponset Avenue, Foxboro, Mass., U.S.A. 


New York Chicago Boston Philadelphia Pittsburgh Detroit Cleveland Rochester 
Tulsa Atlanta Los Angeles San Francisco Portland, Ore. 


OXBOR 


REG. U. S. PAT. OFF. 


THE COMPASS OF INDUSTRY 
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The Stabilized Oscilloscope 


A Visual Oscillograph 


Portable: Weighing but 40 pounds in its compact mahogany cabinet, it is easily taken from re 
search room‘to lecture room or to a distant substation. 


Simple to Operate: As easy to operate as a high-grade radio set. 


Linear Time Axis: By the use of a unique scheme, a linear time axis is obtained which is synchron- 
ized with the phenomena under study, so that a perfectly stationary visual wave is obtained which 
may be examined with great care, traced or photographed. 


High Frequencies: As there is no damping and as the inertia of the electron beam which con- 
stitutes the moving element is only 10- grams, the response to all frequencies and harmonics 
is true and accurate. 

Small Current: One micro-ampere is sufficient to actuate this small moving element. 


Immediate Results: Because it is visual, a class in Electrical Engineering or Radio can watch the 
effect of changing the constants in any circuit while it is happening. A power engineer can observe 
the effect on wave form of various load conditions, field excitations, etc., making a photographic 
record of the results which it is deemed should be permanent. 


Powerful Research Tool: Wherever electrical or other vibrational phenomena are involved. 
The Price is Reasonable. 
Described by Prof. F. Bedell, Journal A.I.E.E., June, 1927. 

Write for Reprint and Circular No. 273. 


The Burt-Cell: A Photo-electric cell without fatigue, previously advertised, is described in Bulletin 
No. 271. Write for a copy. We also manufacture quartz photo-cells of remarkable constancy. 


DR. ROBERT C. BURT 


Scientific 327 South Michigan Ave. Calta tnvtnete 
Instruments PASADENA, CALIFORNIA of Technology 


Cable Address, “Burt Pasadena” 














TRANSACTIONS OF THE OPTICAL SOCIETY 
PRICE PER NUMBER 10s/- SUBSCRIPTION PER VOLUME 50 s/- 


Five numbers of the “Transactions” are issued each year, and contain papers 
relating to the theory and practice of optical science, descriptions of novel instru- 
ments and new methods of measurement together with abstracts of new Patent 
Specifications. Information regarding back numbers may be obtained from the 
Hon. Secretaries of the Society, to whom subscriptions should be sent. 


CONTENTS 
Vol. XXVIII No. 3 Vol. XXVIII No. 4 
“Contributions to the History of Eng- “An Experimental Study of the Best 
lish Opticians in the First Half of the Minimum Wave-length for Visual 
Nineteenth Century (with Special Achromatism.” By R. Kingslake, 


Reference to Spectacle History).” By A.R.C.S., D.1.C., M.Sc., F.R.A.S. 

Professor Moritz von Rohr, Ph.D., 

Hon. M.D. “The Use of Photo-electric Cells for the 
“Huygens’ Principle and the Phenomena Photometry of Electric Lamps.” By 

of Total Reflexion.” By Professor C. T. H. Harrison, Ph.D., B.Sc., A.Inst.P 


V. Raman, F.R.S — 
os ; “On Brewster’s Bands.” Part II. y 
The Hartmann Formula for the Dis- = ‘c..<hil Krishna Datta, M.Sc., A.Inst.P. 


persion of Glass.” By H. W. Lee, 
B.A. 

: Reviews. 
Reviews. 


Abstracts of Patent Specifications. Abstracts of Patent Specifications. 


PUBLISHED BY THE OPTICAL SOCIETY 


1 LOWTHER GARDENS, EXHIBITION ROAD, SOUTH KENSINGTON, LONDON, S.W. 7. 
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Rubicon Company—Solicits 


Inquiries for Rubicon Potentiometers, Wheatstone Bridges, Resistance Boxes, Galva- 
nometers, and Fundamental Electrical Standards. 





Rubicon Instruments are made of the best materials obtainable, are always within the Guaranteed 
Accuracies, and embody the latest improvements in design for ease of manipulation, strength of 
construction, and permanency of values. 

Description and Prices on Application 


RUBICON COMPANY 


Electrical Instrument Makers 
29 North Sixth St. PHILADELPHIA, PA. 








Se Eberbach & Son Co. 


Inc. 
(Established 1843) 


Ann Arbor, Michigan 
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Manufacturers of Physical, Chemical, 
and Physiological Apparatus 
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- STANDARD OF EXCELLENCE 


TRADE MARK 


BRISTOL'S 


REG. U. S. PAT. OF FIC: 


Instruments for Measuring, 
Recording, and Controlling 
temperatures up to 3000° F. 


Business founded in 1889. Benefit 
by our long experience. Call on us 
for suggestions. 


Catalog No. 1401 and Bulletin 
F-303 will be of interest to you. 


THE BRISTOL COMPANY 
Waterbury, Connecticut ANALYTICAL 


ASSAY 
BALANCES 


WEIGHTS OF PRECISION 


HENRY TROEMNER 
911 Arch St. | PHILADELPHIA, PA. 
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Helmholtz’s 
Treatise on Physiological Optics 


Translated from the Third German Edition 


In THREE VOLUMES 


Vol. I. The Anatomy and Dioptrics of the Eye 
(xxiv-+482 pages) 


Vol. II. The Sensations of Vision (x-+480 pages) 
Vol. III. The Perceptions of Vision (xix+-736 pages) 





Published by THE OPTICAL SOCIETY OF 
AMERICA, 1924-1925 
Beginning January 1, 1928, the price of this im- 
portant work will be $10 per volume postpaid. 
In order that research in the field of physiological 
optics might receive the maximum possible stimula- 
tion from the distribution of Helmholtz’s classical 
work, the Optical Society has offered this transla- 
tion at $7 per volume, which covers cost of 
manufacture only. Accordingly, the Society now 
feels justified in raising the price of the remaining 
sets to $10 per volume, $30 per set. 





Until December 31st, orders will be accepted at 
$7 per volume. Send orders to 


PROFESSOR F. K. RICHTMYER 
Cornell University 
IrHaca, N.Y. 
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NOTICE FOR CONTRIBUTORS 


Manuscripts may be sent to the Editor or Assistant-Editor-in-Chief. 
They should be clearly typewritten, and in suitable form for printing 
without essential changes. References should appear only as footnotes, 
and should include year of publication and volume number thus: Phil. 
Mag. 27, pp. 102-37; 1914. Papers are published in English only. 


Special care should be given to the writing of mathematical formulas. 
The grouping of the magnitudes, the lining up of equality signs, fraction 
lines, etc., should be such that the arrangement could not’be misunder- 
stood by the compositor. 


Unless a special typewriter is used, it is necessary to insert formulas 
with pen and ink. For the sake of uniformity, contributors are requested 
to use in formulas of geometrical optics, the symbols and designations 
given in the first issue of the JouRNAL. 


Diagrams should be made with black drawing ink to allow photo- 
graphic reproduction. 


Curves should be drawn on plain paper or blue-lined section paper 
and all coérdinates to be reproduced must be drawn with jet-black ink. 
Lettering should be of sufficient size to be legible after reduction, requir- 
ing no printing from type. 


A page containing the captions for all figures should accompany the 
manuscript. 














National Research Council 
INFORMATION SERVICE 


The National Research Council, through its Information ‘Serv- 
ice, maintains, together with its other services of information, a 
file of over 500 catalogues—representing the manufacturers of and 
dealers in scientific apparatus and instruments, both domestic and 
foreign. This is used to quickly supply information as to source 
and availability of apparatus and instruments to those scientists 
who can specify their needs, but who lack full information as to 
who can best meet these needs. 


All available information is promptly furnished, without charge. 
Correspondence should be addressed 
RESEARCH INFORMATION SERVICE 


NATIONAL RESEARCH COUNCIL 
WasHINGTON, D. C. 
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Every Industry 


and 


Laboratory 





Tycos catalogs are 
mighty convenient. 

For in them you 
can find the right 
type of Tycos indi- 
cating recording or 
controlling tempera- 
ture or pressure in- 
struMent to effect 
economy in your 
plant processes. 

In order that we 
send you the right 
catalog please send 
in the name of your 
products. 











Anemometers 

Aneroid Barometers 

Base Metal, Rare Metal Pyrometers 

Electric Contact Thermometers 

Fery Radiation Pyrometers 

Fever Thermometers 

Hand Levels 

Hydrometers 

Hygrometers 

Mecurial Barometers 

Mercurial, Recording and Index Ther- 
mometers for all industrial and labor- 
atory applications 

et Column Vacuum Pressure and 
U Gauges 

Mineral Oil Testing Instruments 

Pocket Compasses 

Rain Gauges 

R ing Barometers 

Sphygmomanometers 

Surveying Compasses 

Temperature, Pressure and Time Regula- 
tors 

Thermometers of all kinds for home and 


Urinalysis Glassware 


Taylor /nstrument Companies 


Rochester, N. Y., U. S. A. 
Canadian Plant: Tyco Bidg., 110 Church St., Toronto 
Manufacturing Distributors in Great Britain: Short & Mason, Ltd., London 


There’s a TYCOS or TAYLOR Temperature Instrument for every purpose 
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Ajax Electrothermic Corp 

American Optical Co 
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James G. Biddle 

The Bristol Co 
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A Prize for the Best Paper on 
Scientific Instruments 


Through the generosity of the Association of Apparatus 
Makers of the United States, the Journal of the Optical 
Society and Review of Scientific Instruments announces a 
prize of $250.00 for the best paper on Scientific Instruments 
and methods, other than optical, published in the Instru- 
ment Section of this Journal during 1927.* The Journal 
publishes in the Instrument Section original articles des- 
cribing new instruments or new methods for research or 
instruction in any branch of science such as Physics, 
Chemistry, Astronomy or Biology. The prize will be 
awarded by a committee to be appointed by the National 
Research Council. 


In awarding the prize due weight will be given to each 
of the following: 


(1) NOVELTY AND ORIGINALITY. It is essential 
that the paper should describe new and original work by the 
author or authors. Reviews or Summaries are not to be con- 
sidered. 


(2) SCIENTIFIC VALUE. The importance of the paper 
as a contribution to research or instruction will be given 
special consideration. 


(3) EXPOSITION. Articles will also be judged on clear- 
ness, conciseness, and general arrangement of material. 
Special attention will be paid to diagrams. While brevity is 
a virtue in scientific writing, brevity ceases to be a virtue 
when it is carried to the point of introducing obscurity or of 
omitting essential details. 


No articles can be considered as entered for the prize which 
have been accepted for publication elsewhere, unless it is arranged 
that such publication shall be subsequent to appearance in this 
Journal. 


Unless otherwise requested by the author, all eligible articles 
submitted for publication in the Instrument Section shall be con- 
sidered for the prize. No special request or mention need accom- 
pany the manuscript. 


Manuscripts should be sent to either of the following: 


Paut D. Foote, Editor-in-Chief, The Mellon Institute of Industrial Re- 
search, University of Pittsburgh, Pittsburgh, Pa., or F. K. RicHTMYER, 
Managing Editor, Rockefeller Hall, Ithaca, N. Y. 


*A similar prize will be offered during 1928. 

















